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Abstract 
 
 Chemical manipulation of carbon-carbon bond is an expansive subject and 
overarching theme in chemistry. By all accounts, it takes a broad and concerted 
experimental and theoretical effort in order to fully comprehend the nature of this 
chemical bond that is virtually omnipresent in most important molecules. Developing a 
more intimate understanding and appreciation of the stability and reactivity of carbon-
carbon bonds through quantum chemical calculations is therefore the main theme and 
driver of this thesis.  
 
In this thesis, computational quantum chemistry was employed as the tool to 
assist in the mechanistic investigation of C=C and C-C bond oxidation by 
environmental oxidants (O3 and O2) and the associated peroxyl ROO• self-reaction 
chemistry, copper catalysed aerobic photo-oxidation of double, triple and single carbon-
carbon bonds, the stereoselective and chemo-divergent construction of C-C bonds, and 
rhodium catalysed C-C(O) bond formation in Metal Organic Frameworks. It was also 
used to examine why C-C bonds were not formed during the termination process of 
radical polymerisation of polyacrylates and decomposition of RAFT-based polymers. 
The scope of this work is wide but is just the tip of the iceberg on carbon-carbon bond 
chemistry. 
 
This thesis consists of 11 written manuscripts, and is categorised into two parts. 
The first part focuses on carbon-carbon bond cleavage and oxidative transformation to 
C(O), so termed ‘oxidative reconstruction’, and the second part on carbon-carbon bond 
generation or construction in a stereo and chemo-specific manner. To achieve these 
research goals, extensive and appropiately benchmarked quantum chemical calculations 
were used to paint an insightful mechanistic picture of the reactions mentioned, which 
went beyond simply capturing knowledge of the reactivities and properties of carbon-
carbon bonds, but also provided clarifications to experiments, and allowed one to make 
perceptive chemical predictions.  
 
 
  
This thesis highlights the important role of theory in allowing new scientific 
ideas to prosper, for instance updating reaction mechanisms that conform to new 
experimental observations, enabling better catalysts to be designed and strategies to 
preserve the durability of polymers. In hindsight, each work and chapter strives to take 
further steps toward bridging gaps in our knowledge of carbon-carbon bond chemistry. 
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1 General Introduction 
1.1 Overiew 
Selective activation of the ubiquitous carbon-carbon single bond in organic 
molecules or materials is challenging due to their inertness. To illustrate, direct 
oxidative addition of transition metal into C-C bond (ca. 90 kcal/mol, Scheme 1.1 A) by 
forming two weaker M-C bonds (ca. 30 kcal/mol each) is energetically insufficient to 
compensate for breaking it in the first place.1 The other difficulty in activating C-C σ 
bond is the steric and directional constraints of the bonding and anti-bonding orbitals 
with respect to the metal’s interacting orbitals (Scheme 1.1 B).2  
 
 
Scheme 1.1 (A) Metal (M) oxidative insertion into C-C  bond. (B) Metal orbital interactions 
with C-H and C-C bonds.     
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To overcome these challenges, a number of synthetic strategies were fine-tuned 
by focusing on modifying the substrates such that the C-C bonds are more active and 
easily reacted upon by the metal (Scheme 1.2).3 
 
Scheme 1.2 Modified substrates for C-C bond activation by metal. 
 
A direct approach towards realising a thermodynamically viable outcome in C-C 
bond activation is the insertion of dioxygen, O2. As shown in Scheme 1.3, formation of 
two C-O σ bonds and breaking of the C-C σ bond is overall exothermic for both strained 
(∠C-C-C < 90°) cyclopropane 1 (ΔH = -35.7 kcal/mol) and unstrained (∠C-C-C ~ 110°)  
linear propane 2 (ΔH = -10.9 kcal/mol). Formation of 3 is expectedly more exothermic 
than 4 due to bond strain release of the latter. The resulting peroxides 3 and 4 then 
further rearrange via disproportionation to yield aldehyde and alcohol products 5 and 6 
respectively and this highly exothermic step drives the overall reaction forward. 
 
Scheme 1.3 Reaction enthalpy (kcal/mol) for O2 insertion into C-C bonds. Calculations are 
G4(MP2)-6X energies on M11/6-31+G(d,p) optimised structures (see Appendix 1).  
 
The fact that breaking a single C-O σ bond requires more energy than breaking 
the C-C σ bond also suggests that O2 addition to a radical alkyl species R• forms a more 
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stable peroxyl radical ROO•. The importance of ROO• species cannot be overstated as it 
is a key reactive intermediate in autooxidation and thus relevant to industry for small 
molecule oxidation,4 atmosphere,5 combustion,6 fat and oil,7 and polymer oxidative 
degradation8.  In this regard, probing the chemistry of ROO• and the downstream 
chemical process can help build a more coherent mechanistic picture of oxidative 
cleavage of C-C bonds.  
A mechanistic understanding in the oxidation chemistry of C-C and C=C bonds is 
thus important for the following reasons: 1) to provide clearer rationalisation of the 
reactivity of oxidants present in the environment like O2 and ozone, O3, towards carbon-
carbon bonds by delineating kinetically and thermodynamically feasible oxidation 
pathways, 2) to provide better understanding in the molecular properties and 
reactivities, 3) to enable more accurate chemical predictions of their oxidative 
chemistries, 4) finally from all these, design favourable strategies to mitigate the 
deleterious action of oxidation on polymers for example.  
Studying the oxidative reconstruction of C-C or C=C bonds accomplishes only 
half of the quest for a more rigorous understanding of carbon-carbon bond chemistry; 
the other lies in carbon-carbon bond construction. While many synthetic methods are 
available to generate C-C bonds, the asymmetric version of forming chiral C centres 
appears more challenging although it is easily achieved by enzymes in nature. 
Synthetically, dissymmetric C-C coupling chemistry requires a chiral catalyst.9 The 
other significant portion of this work will thus focus on mechanistic studies on 
asymmetric catalysis of C-C bond formation. 
In order to achieve all these, extensive quantum chemical calculations (see 
Appendix 1 for methods germane to this thesis) were carried out and qualified with 
benchmarking studies against literature, experimental results or high-level calculations. 
Highly-correlated composite methods (see Appendix 1) were used to further improve 
the calculations within computational limits where possible. 
1.2 Outline  
This thesis is set into two parts. The first focuses on the oxidation chemistry of 
ROO•, O2 and O3 and oxidative reconstruction of the carbon-carbon (single or double) 
bond, i.e. breaking carbon-carbon bonds and oxidising it by forming C(O). The second 
part, as the title suggests, delves into how C-C bonds are built specially in a stereo- and 
chemo-selective manner. In hindsight both parts attempt to draw a more holistic 
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mechanistic insight into carbon-carbon bond chemistry vis-à-vis their cleavage and 
assembly, ultimately addressing mechanistic questions that are often difficult to answer 
using currently available experimental or spectroscopic techniques.  
 
This work comprises of peer-reviewed or submitted manuscripts, and will be 
organised into the chapters as such: 
Chapter 2 consists of Paper 1 which re-examines a sixty-year-old long-standing 
mechanistic question on tetroxide ROOOOR decomposition. Russell’s 1957 
rationalisation for a 6-membered cyclic transition state for ROOOOR intramolecular 
self-reaction to alcohol, ketone and O2, has been the long-standing accepted 
explanation, even as this mechanism showed inconsistency with more recent 
experimental evidence. The broken symmetry density functional theory approach was 
chosen (see Appendix 1) to describe a new viable pathway for decomposition of di-sec-
alkylteroxides, i.e. asymmetric RO…OOOR bond homolysis. This O-O bond cleavage is 
further aided by non-classical C-H…O hydrogen bonding (H-bonding), which is 
computationally verified as being chemically significant. The absence of this mode of 
H-bonding interactions in di-tert-alkylteroxides results in a higher activation barrier for 
the rate determining O-O bond cleavage and when compared to the kinetics of 
secondary alkylteroxide decomposition, which is consistent with experiment. 
 
Chapter 3 consisting of Papers 2 & 3 discusses the impact of O3 in the context of 
polymer degradation. Despite its extremely low concentration in air (~100 parts per 
billion volume) high-level calculations reveal that the oxidation of C=C and C-C bonds 
undergo a thermodynamically and kinetically viable decomposition pathway, crucially 
generating and propagating radical R•. The radical species R• could abstract H from 
another polymer chain or be oxidised by O2 to form ROO•, both of which processes 
further the autooxidation cycle. In both papers we demonstrate on the basis of O2 and O3 
concentrations in air, the kinetic relevance of O3-initiated polymer damage on a variety 
of polymers with or without defects is highly significant and competitive. 
 
Chapter 4 consists of Paper 4 which from a theoretical perspective investigates the 
degradation of cholesterol to secosterol aldehyde with ground state triplet O2. By 
including an appropriate theozyme functional group, methionine represented by Me2S, 
our calculations predict a feasible mechanistic outcome whereby the C=C group of 
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cholesterol is oxidatively cleaved by two 3O2 and facilitated by Me2S. The mechanistic 
modelling draws parallel to C=C bond cleavage by O3 that eventually forms the product 
secosterol aldehyde, a molecule that has pathological links to inflammatory diseases like 
heart disease, Alzheimer’s and Parkinson’s. 
 
Chapter 5 consists of a submitted manuscript Paper 5 which describes a new synthetic 
method utilising copper(II) as catalyst for photo-activated aerobic oxidation of α-
substituted, β-substituted and α-halo styrenes, alkynes, aldehydes and carboxylic acids. 
In short, Cu(II) catalysed photo-oxidative transformation of single, double and triple 
carbon-carbon bonds. Both in situ IR monitoring and quantum chemical calculations 
were carried out to suggest the identity of the reactive Cu species, which is futher 
supported by literature as a bis-μ-oxo dicopper complex. Computational modelling was 
then carried out to establish energetically feasible reaction pathways for the various 
representative substrates in a bid to understand the mechanism for different carbon-
carbon bond (single, double and triple) oxidation reactivity. 
 
Chapter 6 consists of Papers 6, 7 & 8 combining both experimental and theoretical 
work detailing the second part of this thesis on stereo- and chemo-selective carbon-
carbon bond generation faciliated by organocatalysts.  
In Paper 6, a synthetic strategy to access highly stereo-selective [4+2] 
cycloaddition or conjugate C-C addition-protonation products from 5H-oxazol-4-ones 
and N-itaconimides starting substrates, using a L-tert-leucine-derived tertiary amine 
catalyst was developed. By varying the reaction conditions — tuning the right chemical 
switches — stereo-enriched [4+2] or addition-protonation products could be achieved. 
Theoretical study of this reaction was carried out to help understand the origin of stereo- 
and chemo-selectivity. Initial calculations first accurately confirmed the observed 
product’s stereochemistry. Further computational modelling revealed that the chemo-
divergence originated from relative thermodynamic stability of [4+2] product, which 
transforms to the addition-protonation product at elevated reaction temperature.  
In Paper 7 the L-tert-leucine-derived tertiary amine catalyst is extended into a 
dipeptide-based multifunctional Brønsted base organocatalyst. Unprecedented 
asymmetric [4+2] cylcoaddition reaction of 5H-thiazol-4-ones with electron-deficient 
alkenes could be realised in excellent yields (up to 98% yield) with stereo-control (up to 
99% enantiomeric excess). Theoretical work was carried out to provide a mechanistic 
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rationalisation to explain the catalyst’s ability for stereo- and chemo-discrimination. 
Computational modelling was performed with the substrates 5H-thiazol-4-one and 
nitroolefin and the results, based on energetics, reveal that in the first Michael conjugate 
addition step, a pronounced bifurcation in the chemoselection process occurs. The free 
energies from the simulations further suggest that about 84% forms the S,S-Michael 
adduct and the remaining R,R-configuration. Consequently, the S,S-Michael adduct 
preferentially forms the [4+2] product while the R,R-Michael adduct undergo 
protonation to yield the addition-protonation product, thus corroborating to 
experimental results. 
In Paper 8, the asymmetric [4+2] cycloaddition of 5H-oxazol-4-ones and N-
maleimides with Takemoto’s chiral tertiary amine catalyst is reported. A reaction 
mechanism was proposed on the basis of mechanistic rationalisation put forward in 
Paper 7, in order to explain the chemo-divergence and stereo-selectivity of the products 
observed.  
 
Chapter 7 consists of Papers 9 & 10, investigating the effect of termination mechanism 
of radical polymerization via living organotellurium -end acrylate polymers and 
thermal/mechanical degradation of Reversible Addition−Fragmentation Chain Transfer 
(RAFT)-based polymers respectively. These work combine both experiment and theory. 
In Paper 9, ab initio molecular dynamics studies were carried out to support the 
experimental observation that only disproportionation products were detected. Textbook 
mechanisms describe that both combination and disproportionation of the two radical 
polymer chains should occur. Computational results suggest interestingly that the 
formation of C-O coupling product, rather than C-C coupled, in the combination 
pathway could further rearrange intramolecularly to form the disproportionation 
products. In essence, molecular dynamics reveal no formation of C-C coupled 
combination products. 
In Paper 10, theory was used to clarify the Chugaev-type elimination process and 
also to compute kinetic data based on a short chain molecular model. The result 
highlights the significance of entropy in this elimination process. 
 
Chapter 8 consists of Paper 11 in which experimental work details the effects of post-
metallation on a Mn(II)-based metal organic framework (MOF) with pyrazolyl-derived 
linker ligands. The metallation of the MOF with metal salts were carried out and 
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characterised with solid-state X-ray crystallography. The Rh(I) metallated MOF was 
further assessed for catalytic abilities in which single crystal X-ray diffraction was done 
to probe the reaction and computational modelling was employed to further interrogate 
the mechanism. 
 
Chapter 9 is the conclusion chapter and summarises the key outcomes of this thesis. 
 
Appendices. Appendix 1 provides a general overview on the computational princicples 
and methods employed for the works contained in this thesis. Appendices 2 to 11 
contain selected supporting information of these works. 
1.3 Manuscripts  
Paper 1: Why are sec-alkylperoxyl bimolecular self-reactions orders of magnitude 
faster than the analogous reactions of tert-alkylperoxyls? The unanticipated role of CH 
hydrogen bond donation, Richmond Lee, Ganna Gryn’ova, K. U. Ingold & Michelle L. 
Coote, Phys. Chem. Chem. Phys. 2016, 18, 23673-23679. 
 
Paper 2: New insights into 1,2,4-trioxolane stability and the crucial role of ozone in 
promoting polymer degradation, Richmond Lee & Michelle L. Coote, Phys. Chem. 
Chem. Phys. 2013, 15, 16428-16431. 
 
Paper 3: Mechanistic insights into ozone-initiated oxidative degradation of saturated 
hydrocarbons and polymers, Richmond Lee & Michelle L. Coote, Phys. Chem. Chem. 
Phys. 2016, 18, 24663-24671. 
 
Paper 4: Theoretical Investigation of Oxidative Cleavage of Cholesterol by Dual O2 
Activation and Sulfide Reduction, Richmond Lee & Michelle L. Coote, Aust. J. Chem. 
2016, 69, 933-942. 
 
Paper 5: Visible Light−Driven Copper(II) Catalysed Aerobic Oxidative Cleavage of 
Carbon−Carbon Bonds, Sanliang Li, San-Ni Hong, Michelle L. Coote, Richmond Lee, 
& Zhiyong Jiang, submitted manuscript. 
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Paper 6: Chemoselective Switch in the Asymmetric Organocatalysis of 5H-Oxazol-4-
ones and N-Itaconimides: Addition–Protonation or [4+2] Cycloaddition, Bo Zhu, 
Richmond Lee, Jiangtao Li, Xinyi Ye, San-Ni Hong, Shuai Qiu, Michelle L. Coote & 
Zhiyong Jiang, Angew. Chem. Int. Ed. 2016, 55, 1299 –1303. 
 
Paper 7: Asymmetric [4 + 2] annulation of 5H-thiazol-4-ones with a chiral dipeptide-
based Brønsted base catalyst, Bo Zhu, Shuai Qiu, Jiangtao Li, Michelle L. Coote, 
Richmond Lee & Zhiyong Jiang, Chem. Sci. 2016, 7, 6060–6067. 
 
Paper 8: Highly Enantio- and Diastereoselective [4 + 2] Cycloaddition of 5H-oxazol-4-
ones with N‑Maleimides, Shuai Qiu, Richmond Lee, Bo Zhu, Michelle L. Coote, 
Xiaowei Zhao & Zhiyong Jiang, J. Org. Chem. 2016, 81, 8061–8069. 
 
Paper 9: Termination Mechanism of the Radical Polymerization of Acrylates, Yasuyuki 
Nakamura, Richmond Lee, Michelle L. Coote & Shigeru Yamago, Macromol. Rapid 
Commun. 2016, 37, 506−513. 
 
Paper 10: RAFT-based Polystyrene and Polyacrylate Melts under Thermal and 
Mechanical Stress, Ozcan Altintas, Kamran Riazi, Richmond Lee, Ching Y. Lin, 
Michelle L. Coote,	 Manfred Wilhelm and Christopher Barner-Kowollik, 
Macromolecules 2013, 46, 8079-8091. 
 
Paper 11: Capturing snapshots of post-synthetic metalation chemistry in metal–organic 
frameworks, Witold M. Bloch, Alexandre Burgun, Campbell J. Coghlan, Richmond 
Lee, Michelle L. Coote, Christian J. Doonan & Christopher J. Sumby, Nature Chemistry 
2014, 6, 906–912. 
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2 Carbon-Carbon Bond Oxidation: Self-reaction of Peroxyl 
Radicals and Autooxidation 
2.1 Introduction* 
Peroxyl radicals are key intermediates in autooxidation, combustion and 
atmospheric chemistry.1 Understanding their self-termination mechanism, and how this 
is affected by substituents and reaction conditions, is thus crucial for accurate kinetic 
modelling of these important processes. However, despite many experimental and 
theoretical studies (vide infra), a comprehensive understanding of the reaction 
mechanism remains elusive. In particular, experimental studies have long observed that 
secondary (or primary) radicals undergo self-termination orders of magnitude faster 
than tertiary peroxyl radicals, and that different temperature regimes affect the self-
termination mechanism.2 Both the substituent and the temperature dichotomy have 
remained unexplained for some sixty years.  
  
In pioneer accounts, Raley et al.3 and Russell4 suggested that ROO• is first 
involved in formation of the adduct tetraoxide RO4R that further trifurcates into three 
major reaction channels (Scheme 2.1, reactions 1a, 1c & 1d). Various experimental 
works exploring MeOO• 5 and EtOO• 6 self-reaction indicated that, based on relative rate 
                                                 
* This is an abridged write-up on background details taken from the supporting information (Appendix 2) 
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coefficients, the more dominant pathways are 1a and 1d, with 1c being minor. The 
kinetic branching ratio of reactions 1a and 1d vary amongst the reports but, based on the 
observed products the secondary oxidation reaction of EtO• by O2 quickly consumes it 
and forms aldehyde and HOO•.6a  
 
 
Scheme 2.1 Possible rearrangement pathways of tetroxide. 
 
Early computational studies investigated peroxyl self-reaction and the associated 
reaction pathways for tetraoxide decomposition based on reaction energetics.7 Notably, 
theoretical calculations on methyl peroxyl self-reaction by Ghigo et al surmised that at 
the high temperatures associated with combustion (~900 K), most tetraoxide will 
dissociate to separate MeO• + O2 species, via a caged “3[MeO•]2---3O2 complex with 
overall singlet spin multiplicity”.8 More recent density functional theory studies by the 
separate groups of F. Wang9 and W. Wang10 report a high activation barrier for the 
classic two-step-cyclic pathway as initially proposed by Russell and Raley (Scheme 1, 
reaction 1c & 1d)4. The lowest barrier calculated by Wang and co-workers involves a 
cyclic rearrangement of the alpha hydrogen dissociating to CH3C(O)H + HOO• + 
CH3CH2O• (Scheme 1, 1b).  In this regard, an earlier MP2 study by Feria et al11 found a 
similar pathway for the concerted rearrangement step 1b.  
  
However, while this previous computational work has evaluated pathways 1b-
1e, it has not definitively explored other possible O-O bond type fission pathways, and 
in particular the homolysis of (CH3CH2OO)2 to CH3CH2OOO• + CH3CH2O• and its 
further dissociation of CH3CH2OOO• to CH3CH2O• + O2 (Scheme 2.1, reaction 1a). It is 
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also possible that the products of this radical reaction (1a) undergo further self-reaction 
to give ROH + R’C(O)H + O2, hence providing an alternative route to the products of 
channels 1b and 1d. Indeed, the radical nature of O-O fragmentation was proposed from 
kinetic experiments carried out independently by groups of Brown12 and Ingold13 on 
tert-butyl tetraoxide (tBuOO)2 chemistry, delineating the possibility of single O-O bond 
fragmentation to ROOO• + RO•. Concurrent ESR spectroscopic measurements 
identified CF3OOO• trioxide radical species from CF3OOCF3 photolysis.14  
    
Thus, whilst a number of experimental and theoretical studies have been 
previously performed, comparison of all of the different possible reaction channels, and 
an assessment of how the kinetics and mechanism change with the substitution of R 
group, has yet to be made. In this paper, we will carry out accurate ab initio modelling 
of all reaction channels and account for how two peroxyl radical fragments self-interact 
head-to-head to yield more reactive alkoxyl radicals. In doing so, we take into account 
the cage effect on the energetics of these radical reactions and more importantly study 
the effect of the alkyl structure (primary, secondary and tertiary) to uncover the crucial 
role of the alpha hydrogen on the kinetics and chemical outcome of peroxyl self-
reactions.  
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2.3 Paper 1 
Why are sec-alkylperoxyl bimolecular self-reactions orders of magnitude faster 
than the analogous reactions of tert-alkylperoxyls? The unanticipated role of CH 
hydrogen bond donation 
Richmond Lee, Ganna Gryn’ova, K. U. Ingold & Michelle L. Coote 
 
Phys. Chem. Chem. Phys. 2016, 18, 23673-23679 
 
This is a peer-reviewed work and published as an original research article. Theoretical 
calculations and formulation of key mechanistic ideas were my own, with active 
contribution and support by all co-authors. All authors participated in preparing this 
manuscript. Full supporting information is provided in Appendix 2.  
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3 Carbon-Carbon Bond Ozonation and Polymer 
Degradation 
3.1 Introduction 
The ageing of polymeric materials1 (Figure 3.1) result in loss in fidelity of 
structural properties and thus their critical mechanic function. Understanding the 
chemistry behind such degradation allows one to anticipate and derive strategies to 
mitigate deterioration, for example addition of anti-oxidants to neutralise the effects of 
free radicals. 
 
Figure 3.1 Types of polymer degradation. 
 
 This chapter focuses on two published manuscripts examining the deleterious 
effects of O3 on polymeric materials. Its role in both initiation and further chemical 
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degradation is examined, with an emphasis on studying the mechanistic outcome of the 
oxidative reconstruction of double and single carbon-carbon bonds and implications for 
autooxidative degradation of polymers. The first paper (Paper 2) discusses ozonation on 
unsaturated C=C functional groups found at the chain-end of defective poly(methyl 
methacrylate) units. The second paper (Paper 3) examines the chemistry and mechanism 
for ozonation of C-H of various polymers, namely representative dimers of 
poly(propylene), poly(styrene), poly(methacrylate), poly(methyl methacrylate) and 
poly(vinyl chloride).  
 
High-level composite quantum chemical calculations were employed to 
construct energetically feasible chemical pathways and the calculations reveal key 
stable intermediates, relative to starting material, that contribute to the propagation of 
radical species that are crucial drivers of the overall autooxidative degradation cycle 
(Scheme 3.1). Drawing insights from Chapter 2, R’OO• self-reaction results in the 
generation of a reactive alkoxyl radical, R’O•, which readily abstracts a hydrogen from 
another polymer chain completing the autooxidation cycle. 
 
Scheme 3.1 Ozone initiated polymer damage and autooxidative degradation. 
3.2 References 
1. a) J. R. White and A. Turnbull, J. Mater. Sci., 1994, 29, 584; b) N. S. Allen and 
M. Edge, Fundamentals of Polymer Degradation and Stabilization, Elsevier, 
London, 1992. 
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3.3 Paper 2 
New insights into 1,2,4-trioxolane stability and the crucial role of ozone 
in promoting polymer degradation 
Richmond Lee, & Michelle L. Coote 
 
Phys. Chem. Chem. Phys. 2013, 15, 16428-16431 
 
This is a peer-reviewed work and published as an original research communication. 
Theoretical calculations and formulation of key mechanistic ideas were my own, 
supported and assisted by my supervisor M.L.C. All authors participated in preparing 
this manuscript. Full supporting information is provided in Appendix 4.  
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3.4 Paper 3 
Mechanistic insights into ozone-initiated oxidative degradation of 
saturated hydrocarbons and polymers 
Richmond Lee, & Michelle L. Coote 
 
Phys. Chem. Chem. Phys. 2016, 18, 24663-24671 
 
This is a peer-reviewed work and published as an original research article. Theoretical 
calculations and formulation of key mechanistic ideas were my own, supported and 
assisted by my supervisor M.L.C. All authors participated in preparing this manuscript. 
Full supporting information is provided in Appendix 5.  
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4 Carbon-Carbon Double Bond Oxidative Cleavage by 
Ground State O2 
4.1 Introduction 
Cholesterol autooxidation in air1 generates a number of oxidised components 
carrying hydroperoxyl, carbonyl and hydroxyl functional groups (Scheme 4.1),2 and 
based on the products, it is expected that the the C-H bond of C7 initially undergoes 
oxidation. 
HO
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Scheme 4.1 Products of cholesterol aerobic oxidation. 
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The study of cholesterol autooxidation is particularly important as the 
autooxidation of this lipid molecule leads to generation of harmful free radicals that 
stress biological systems.3 In the same vein, the putative oxidative cleavage mechanism 
of cholesterol C5,6 double bond has been linked to the Hock rearrangement with singlet 
O2 and acid.4 We thus wondered if the C=C bond could in theory be cleaved by ground 
state triplet O2.  
 
To address this question, we carried out computational modelling to elucidate the 
reactivity of the cholesterol C=C with 3O2. Our calculations importantly reveal that 
addition of two 3O2 to the double bond through intersystem crossing is required to 
generate the first stable diperoxo intermediate. Using a theozyme model, we performed 
calculations with Me2S mimicking methionine which reduces the diperoxoyl to trioxoyl 
radical species, thereby facilitating C-C bond cleavage yielding aldehyde and carbonyl 
oxide group as the product. It is noteworthy that these groups are formed from the 
ozonolysis process of primary ozonide. The recombination of the carbonyl oxide and 
aldehyde and subsequent reduction yields the final cholesterol secosterol aldehyde, a 
chief precursor in pathological plaque formation. 
4.2 References 
1. E. Mosbach, M. Nierenberg and F. E. Kendall, J. Am. Chem. Soc., 1953, 75, 
2358. 
2. G. Maerker, J. Am. Oil Chem. Soc., 1987, 64, 388. 
3. L. Iuliano, Chem. Phys. Lipids, 2011, 164, 457. 
4. J. Brinkhorst, S. J. Nara and D. A. Pratt, J. Am. Chem. Soc., 2008, 130, 12224. 
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4.3 Paper 4 
Theoretical Investigation of Oxidative Cleavage of Cholesterol by Dual 
O2 Activation and Sulfide Reduction 
Richmond Lee, & Michelle L. Coote 
 
Aust. J. Chem. 2016, 69, 933-942 
 
This is a peer-reviewed work and published as an original research article. Theoretical 
calculations and formulation of key ideas were my own, supported and assisted by my 
supervisor M.L.C. All authors participated in preparing this manuscript. Full supporting 
information is provided in Appendix 5.  
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5 Cu(II) Catalysed Photo-oxidation of Carbon-Carbon 
Bonds 
5.1 Introduction 
Copper being an abundant element also exhibits a range of reactive oxidation 
states from 0 to +3, thus conferring its status in chemistry as a versatile and profilic 
metal.1 The transition metal itself is also important as a key component of the active site 
in enzymes. A well cited example would be the well studied Cu protein the particulate 
methane monooxyganase, due to its ability to activate C-H bonds.2  
 
In the previous chapters we have examined and studied the oxidation chemistry of 
C-C or C=C bonds of organic molecules with accurate quantum chemical calculations. 
In this chapter a new experimental methodology describing Cu(II) catalyzed photo-
oxidation and cleavage of C=C, C≡C and C-C bonds is reported. Theoretical studies 
were carried out with the objectives to propose the structure of the catalytic species, 
understand the reactivity and mechanism of this reaction. 
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5.2 References 
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Rev. , 2013, 113, 6234−6458. 
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5.3 Paper 5 
Visible Light-Driven Copper(II) Catalysed Aerobic Oxidative 
Cleavage of Carbon-Carbon Bonds 
Sanliang Li, San-Ni Hong, Michelle L. Coote, Richmond Lee, & Zhiyong Jiang 
 
 
This is a submitted manuscript intended for review as an original research article. 
Experiments were performed by S.L. and S.-N.H. under supervision of Z.J. Theoretical 
calculations and formulation of key mechanistic ideas and computation work were my 
own, supported and assisted by my supervisor M.L.C. All authors participated in 
preparing this manuscript. Supporting information (computational data) is provided in 
Appendix 6.  
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6 Asymmetric Carbon-Carbon Bond Formation 
6.1 Introduction 
The term ‘organocatalyst’ is a portmanteau composed of the concepts organic 
molecule and catalysis. An example to illustrate this is the epoxide ring opening 
reaction catalysed by biphenylenediol (Scheme 6.1).1 The progression from achiral to 
chiral organocatalysts allows efficient and stereoselective generation of stereogenic C-C 
bonds and this so-called asymmetric organocatalysis is a rapidly developing field.2 
 
  
Scheme 6.1 H-bonding organcatalysed epoxide ring opening. 
 
Non-covalent forces such as H-bonding are highly crucial in asymmetric 
organocatalysis for two reasons. The first is that through H-bonding, the catalyst helps 
lower the Lowest Unoccupied Molecular Orbital (LUMO) energy of the electrophile 
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thereby activating it and making it more susceptible to nucleophilic attack. This 
correlation is observed in Scheme 6.1 in which by changing the phenol catalyst to p-
nitrophenol increased the rate of epoxide ring opening process. Catalysts in this 
example typically act like Lewis acids and by tuning the -OH group to be more acidic, 
e.g. with the para nitro group, the rate of reaction is expedited. The second reason is 
that these weak H-bonding interactions result in binding of the participating substrates 
(nucleophile and electrophile) in a spatially preferred conformation thus pre-
determining the stereo- and regio-selectivity on the formation of the C-C bond. An 
example3 is seen in Figure 6.1 (reproduced from the paper written with my previous 
supervisor) where the orientations of the nucleophile (allyl ketone) and electrophile 
(isatin) are held via a lock-and-key mechanism by the thiourea catalyst through 
favourable H-bonding and electrostatic interactions. This type of interaction is 
reminiscent of enzyme active sites where similar interactions hold substrates in a 
stereoselective manner. 
 
  
Figure 6.1 Transition state structure of C-C bond formation between allyl ketone and isatin. 
Non-covalent interactions are highlighted between the catalyst and substrates. 
 
 This chapter comprises three published manuscripts of collaborative 
experimental work and theoretical insights. Thiourea-based catalysts derived from L-
tert-leucine amino acid were employed for the asymmetric reactions in Papers 6 & 7, 
and a known Takemoto’s catalyst was used in Paper 8 instead. Computational 
modelling was carried out to verify the observed stereochemistry, reinforcing the 
importance of non-covalent interactions and also to provide interesting mechanistic 
insights to chemo-divergence (Scheme 6.2).  
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Scheme 6.2 Summary of asymmetric reactions in Papers 6, 7 & 8. 
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6.3 Paper 6 
Chemoselective Switch in the Asymmetric Organocatalysis of 5H-
Oxazol-4-ones and N-Itaconimides: Addition–Protonation or [4+2] 
Cycloaddition 
Bo Zhu, Richmond Lee, Jiangtao Li, Xinyi Ye, San-Ni Hong, Michelle L. Coote, & 
Zhiyong Jiang 
 
 
 
 
 
 
 
Angew. Chem. Int. Ed. 2016, 55, 1299 –1303 
 
This is a peer-reviewed work and published as an original research communication. 
Experiments were performed by B.Z., J.L., X.Y. and S.-N.H. under supervision of Z.J. 
Theoretical calculations and formulation of key mechanistic ideas were my own, 
supported and assisted by my supervisor M.L.C. All authors participated in preparing 
this manuscript. Supporting information (computational data) is provided in Appendix 
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6.4 Paper 7 
Asymmetric [4 + 2] annulation of 5H-thiazol-4-ones with a chiral 
dipeptide-based Brønsted base catalyst 
Bo Zhu, Shuai Qiu, Jiangtao Li, Michelle L. Coote, Richmond Lee, & Zhiyong Jiang 
 
Chem. Sci. 2016, 7, 6060–6067 
 
This is a peer-reviewed work and published as an original research article. Experiments 
were performed by B.Z., S.Q. and J.L. under supervision of Z.J. Theoretical calculations 
and formulation of key mechanistic ideas were my own, supported and assisted by my 
supervisor M.L.C. Formulation of key ideas and computation work were supported and 
assisted by my supervisor. All authors participated in preparing this manuscript. 
Supporting information (computational data) is provided in Appendix 8.  
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6.5 Paper 8 
Highly Enantio- and Diastereoselective [4 + 2] Cycloaddition of 5H-
oxazol-4-ones with N‑Maleimides 
Shuai Qiu, Richmond Lee, Bo Zhu, Michelle L. Coote, Xiaowei Zhao, & Zhiyong Jiang 
 
J. Org. Chem. 2016, 81, 8061–8069 
 
This is a peer-reviewed work and published as an original research article. Experiments 
were performed by S.Q. and B.Z. under supervision of X.Z and Z.J. Formulation of key 
mechanistic ideas were my own, supported and assisted by my supervisor M.L.C. 
Formulation of key ideas and computation work were supported and assisted by my 
supervisor. All authors participated in preparing this manuscript. There is no supporting 
information (computational data) for this work.  
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7 Termination and Physical Degradation Mechanism of 
Polymers 
7.1 Introduction 
Living or Controlled Radical Polymerisation (CRP) is an important concept 
behind the chemical process to synthesise polymeric structures in a well-defined 
manner, in terms of composition and architecture, molecular weight distribution or its 
polydispersity index, and functionality.1 Developments in the method of radical 
polymerisation to achieve these goal have been successful and the following are 
examples worth mentioning as shown in Scheme 7.1. 
 
 
Scheme 7.1 Types of well known controlled radical polymerization.  
 
The techniques for CRP are termed Stable Free Radical Polymerisation (SFRP), 
Atom Transfer Radical Polymerisation (ATRP) and Reversible Addition-Fragmentation 
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Chain Transfer (RAFT). The overall rationale for CRP is to manipulate and control the 
concentration of free radicals Pn• via shuttling mechanism between the dormant and 
active species for SFRP and ATRP, which at a given time the probability of termination 
process is reduced. In RAFT, the fast exchange with an RAFT agent also limits the 
probability of chain termination.  
 
For SFRP, the T• has to be a persistent radical species, e.g. the nitroxide TEMPO 
or Co-based oganometallic complex. In this chapter’s Paper 9, experimental work 
involving SFRP with organotellerium ω-end acrylate polymers discovered exlusive 
disproportionation product formation, a complete departure from the textbook 
termination mechanism2 that both C-C combination and dispropotionation processes are 
operative (Scheme 7.1, right). In order to explain this intriguing observation, theoretical 
studies were carried out to rationalise the result. And in Paper 10, computational work 
was carried out to support an experimental study of thermal decomposition of RAFT-
based polymers via a Chugaev-type elimination process. 
7.2 References 
1. a) W. A. Braunecker and K. Matyjaszewski, Prog. Polym. Sci., 2007, 32, 93; b) 
K. Matyjaszewski and J. Spanswick, Materials Today, 2005, 8, 26. 
2. K. Matyjaszewski and T. P. Davis, Handbook of Radical Polymerization, Wiley, 
Hoboken, 2002. 
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7.3 Paper 9 
Termination Mechanism of the Radical Polymerization of Acrylates 
Yasuyuki Nakamura, Richmond Lee, Michelle L. Coote, Shigeru Yamago 
 
Macromol. Rapid Commun. 2016, 37, 506−513 
 
This is a peer-reviewed work and published as an original research article. Experiments 
were done by Y.N. under supervision of S.Y. Theoretical calculations and formulation 
of key mechanistic ideas were my own, supported and assisted by my supervisor M.L.C. 
All authors participated in preparing this manuscript. Supporting information 
(computational data) is provided in Appendix 9.  
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7.4 Paper 10 
RAFT-based Polystyrene and Polyacrylate Melts under Thermal and 
Mechanical Stress 
 
Ozcan Altintas, Kamran Riazi, Richmond Lee, Ching Y. Lin, Michelle L. Coote,	
Manfred Wilhelm and Christopher Barner-Kowollik  
 
Macromolecules 2013, 46, 8079−8091 
 
This is a peer-reviewed work and published as an original research article. Experiments 
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calculations and formulation of key mechanistic ideas were my own, supported and 
assisted by C.Y.L. and my supervisor M.L.C. All authors participated in preparing this 
manuscript. Supporting information (computational data) is provided in Appendix 10.  
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8 Rh(I) Chemistry and Acylation Reaction 
8.1 Introduction 
Single crystal X-ray diffraction was employed to probe the post-metallation of 
various metals (Co(II), Cu(II), Zn(II), Rh(I) and Cd(II)) into the metal organic 
framework (MOF)1 synthesised from Mn(II) and pyrazolyl linker ligand. MOFs are 
highly versatile periodic materials that could be purposefully designed2 to enable a 
number of key applications in catalysis, gas separation, sensors, CO2 capture, etc… (see 
reviews highlighted in reference 1b).  
 
By the same token, careful design of the ligands by incorporating chemically 
different chelating groups into the organic linker could enable a post-metallation 
strategy where ‘hard’ donors react exclusively with the Mn(II) ion whereas the ‘soft’ N-
donors could complex to the metals later introduced into the synthesised MOF. 
 
 
Scheme 8.1 Organic linker ligand with different affinity to metal ions. 
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In this chapter, theoretical work was first carried out to validate the experimental 
assignment of species, i.e. geometric parameters obtained from X-ray analyses of the 
Rh(I) metallated MOF structure. Computational modelling was then performed to 
clarify the mechanism and its implications for the MeI methylation of the Rh(I) metal 
centre. 
8.2 Reference 
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2013, 85, 1715; b) H. C. Zhou, J. R. Long and O. M. Yaghi, Chem. Rev., 2012, 
112, 673. 
2. V. Guillerm, D. Kim, J. F. Eubank, R. Luebke, X. Liu, K. Adil, M. S. Lah and 
M. Eddaoudi, Chem. Soc. Rev., 2014, 43, 6141. 
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8.3 Paper 11 
Capturing snapshots of post-synthetic metalation chemistry in metal–
organic frameworks 
Witold M. Bloch, Alexandre Burgun, Campbell J. Coghlan, Richmond Lee, Michelle L. 
Coote, Christian J. Doonan & Christopher J. Sumby  
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9 Conclusions 
9.1 Overview 
As outlined in Chapter 1, this computational mechanistic study on the oxidative 
reconstruction and construction of carbon-carbon bonds hoped to address the following 
research objectives: 1) provide through quantum chemical calculations a better 
understanding of the reactivity of carbon-carbon bond oxidation or formation with 
oxidants and catalysts, 2) establish a predictive model based on the reactivity and 
validate experimental results, and finally 3) design strategies to attenuate or enhance its 
reactivity. On the whole, these objectives were accomplished in the chapters that were 
presented, and the key findings are summarised below. 
9.2 Summary  
Chapter 2 established a new kinetically viable pathway for decomposition of 
alkylteroxides through asymmetric RO…OOOR bond homolysis process that was not 
considered in previous theoretical studies. This process was first mooted in experiments 
involving di-tert-butyltetroxides only, with Russell termination generally thought to be 
operative in primary and secondary systems, despite growing experimental evidence to 
the contrary. In the present work, it was shown that the asymmetric homolysis process is 
the kinetically preferred pathway for all R substituents, i.e. including primary and 
secondary alkyl groups, and is consistent with all experimental observations. In primary 
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and secondary systems, the O-O bond cleavage is further aided by non-classical C-H…O 
hydrogen bonding interaction (present for primary and secondary alkyls), and 
computational tools including the Density Overlap Regions Indicator (DORI) were used 
to quantify these crucial non-covalent interactions (see Appendix 1 on DORI overview). 
Importantly due to this H-bonding, the homolysis process for primary and secondary 
species has a lower activation barrier than for tertiary species, which is consistent with 
experiments. 
 
Chapter 3 discusses the impact of O3 on polymer degradation. High-level composite 
quantum chemical calculations reveal thermodynamically and kinetically viable 
decomposition pathways for the ozonation of unsaturated C=C and saturated C-C bonds 
which generates propagating free radical species that help propel the autooxidation 
cycle. The reactivity of O3 was probed further in saturated hydrocarbons for a series of 
model polymers. It was shown that if the electrophilicity of O3 is lowered, the first 
O3…H-C abstraction process could be enhanced. Indeed, the complexation of water to 
O3 was shown to aid the H abstraction process by increasing the electrophilicity of O3. 
Finally, in both papers, on the basis of the differing concentrations of O3 and O2 in air, 
the kinetic relevance of O3-initiated versus standard (O2) degradation was compared. 
The main implication from this comparison is that O3-initiated polymer damage on a 
variety of polymers with or without defects is highly significant and competitive. 
 
Chapter 4 used theory to study the reactivity of the cholesterol C=C bond with ground 
state triplet O2 in a simulated enzymatic environment. The key findings were as follows. 
1) 3O2 cholesterol oxidation requires addition of two 3O2 molecules to the C=C bond to 
form a more stable diperoxo intermediate, and this occurs via intersystem crossing from 
the quintet to triplet multiplicity. 2) The diperoxo intermediate when reduced with 
dimethysulfide (Me2S to Me2S=O) to form the trioxo intermediate undergoes C-C 
cleavage easily to give carbonyl oxide and aldehyde groups. 3) The carbonyl oxide and 
aldehyde then recombine and the product is reduced to secosterol aldehyde by base or 
acid. 4) The sulfide in the theozyme also helped lower the barrier for 3O2 addition to 
C=C bond by making 3O2 more electrophilic. 5) The extension of calculations to include 
3O2 addition to various unsaturated molecules helped establish that the C=C bonds 
which are more nucleophilic are most susceptible to oxidation. 
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Chapter 5 proposes a new process that utilises abundant Cu(II) as a catalyst in the 
aerobic photo-oxygenation of various styrene derivatives, alkynes, aldehydes and 
carboxylic acids. Theory was used to establish the identity of the catalytic species and 
the reaction mechanism, while experimental work by collaborators established the 
success and scope of the process. Theoretical calculations established the active species 
as bis(μ-oxo) dicopper(III), and this was further supported by in situ IR spectroscopy 
and literature on Cu2O2 chemistry. The key mechanistic points could be summarised as 
follows. 1) For the unsaturated reactants, the bridging μ-oxo group first adds into the 
C=C or C≡C bond, and for saturated reactants the Cα-H is first deprotonated. 2) 
Styrenes except for α-halo styrene undergo C-C bond cleavage, and the same for the 
saturated systems; alkynes are ultimately oxidised to 1,2-diketones. Support for our 
proposed mechanism also came by describing correctly the regioselectivity of the oxo 
addition to α-chloro styrene at the Cα position, with its subsequent rearrangement and Cl 
atom migration to furnish the product isolated in experiment.  
 
Chapter 6 combines both experimental and theoretical work, transitioning into the 
second focus of the thesis which explores asymmetric carbon-carbon bond construction. 
In the first section of the chapter with Paper 6, a synthetic work by collaborators 
higlighted the use of organocatalysts to derive highly stereo-selective [4+2] 
cycloaddition products or conjugate C-C addition-protonation products depending on 
the right chemical switches. Theoretical work was performed to explain the origin of 
stereo- and chemo-divergence. The origin of stereoselectively could be explained 
comparing energies of the transition state electronic structures of the first rate-
determining step, i.e. conjugate addition process. Full computational modelling was 
required to explain the chemo-divergence and the results indicate that concomitant C-C 
bond addition (formal Mannich) to form the stable [4+2] cycloadduct is favourable due 
to secondary π-π interactions. The [4+2] product which is the first resting state however 
could be transformed to the addition-protonation product at elevated reaction 
temperatures.  
In Paper 7 the L-tert-leucine-derived tertiary amine catalyst was extended into a 
dipeptide-based multifunctional Brønsted base organocatalyst allowing for 
unprecedented asymmetric [4+2] cylcoaddition reactions of 5H-thiazol-4-ones with 
electron-deficient alkenes. The idea of designing a dipeptide-based organocatalysts was 
inspired by our previous work. By appending an extra H-bond donor, it was envisaged 
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that the [4+2] cycloaddition would be preferred over the conjugate addition-protonation 
process. Computational studies were carried out in conjunction with experiment to 
provide a mechanistic overview of the catalyst’s ability for stereo- and chemo-selection.  
By performing the calculations on representative substrates and the dipeptide-based 
catalyst, it was proposed that the first Michael conjugate addition step is where chemo-
divergence originates. Based on the free energies, 84% of Michael adducts are formed 
via the S,S-route and the remaining R,R-route, finally deriving a ratio of 5:1 for S,S- 
versus R,R-route products. The S,S-route being the kinetically controlled preferentially 
forms the [4+2] cycloaddition product while the R,R-route being thermodynamically 
controlled generates the addition-protonation product. In Paper 8, the reaction 
mechanism was proposed on the basis of mechanistic concepts put forward in Paper 7, 
in order to explain the chemo-divergence and stereo-selectivity of the products 
observed.  
For all three papers in this chapter, we have progressively applied our mechanistic 
insights gained from studying successive catalytic systems, then further redesigned and 
engaged the catalyst on other derivatives to accomplish desired reactivities. Finally, this 
mechanistic knowledge was conceptualised and applied to explain experimental results. 
 
Chapter 7 studies the effect of termination mechanism of radical polymerisation via 
living organotellurium -end acrylate polymers in the first paper. In order to explain the 
anomaly of only observing disproportionation products, ab initio molecular dynamics 
studies were carried out to answer this question: why C-C combination of the radicals 
did not proceed. Trajectories were run based on the Atom Centered Density Matrix 
Propagation molecular dynamics model and the results reveal formation of C-O 
coupled, instead of C-C coupled, and disproportionation products. The C-O coupled 
terminated chains could then rearrange to give the dispropotionation products. This 
unusual mechanism was previously unknown in the polymer literature. The second 
paper focuses on thermal and mechanical decomposition of RAFT-based polymers and 
computational modelling was carried out to support experimental kinetic data. Results 
on the modelling of the Chugaev-type elimination process with representative molecules 
reveal the importance of entropy in the decomposition of the polymers. 
 
Chapter 8 used theoretical calculations to support experimental work by collaborators 
on the effects of post-metallation on a Mn(II)-based metal organic framework (MOF) 
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with pyrazolyl-derived linker ligands. One of the post-metallated candidates, the Rh(I) 
metallated MOF was further assessed for catalytic abilities in which single crystal X-ray 
diffraction was performed to probe the reaction. It was confirmed that the oxidation 
addition of MeI to the Rh(I) centre and subsequent migratory insertion of Rh-Me into 
the CO ligand was possible thus forming the final Rh-acyl complex, an important 
intermediate in the Monsanto process. The computational study supported the assigned 
structures, and explained the mechanism. A key contribution from the theoretical study 
was the discovery of the important role that the electron rich [RhCl2CO2]- counter-anion 
plays towards activating the pyrazolyl bound electron deficient Rh(I) centre to enable 
oxidative methylation with MeI via a SN2 process.  
9.3 Afterword 
General mechanistic insights drawn from this work on carbon-carbon bond 
chemistry provide a comprehensive perspective of how theory could be further applied 
to catalyst, reagent or material design. To date, we have worked with an Australian 
paint and steel company, BlueScope Steel, by employing theoretical knowledge on 
carbon-carbon bond strengths (with additional insights from Chapters 1 to 4 and 7) to 
design more resistant polymer composites. Due to confidentiality, this work has been 
omitted from the thesis. The work in Chapter 6 showed how mechanistic insights gained 
progressively from my previous computational work on organocatalysis influenced the 
bespoke addition of functional groups to the catalyst to facilitate construction of desired 
C-C bonds. Chapters 5 and 8 which focused on organometallic chemistry and catalysis 
also offered a varied perspective on the subject of the thesis. In concluding, the works 
that were presented uncovered fresh mechanistic understanding on carbon-carbon bond 
reactivity, and the implications of these discoveries are relevant and applicable to the 
improvement of synthetic processes or materials.  
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10 Appendices 
10.1 Theoretical background 
10.1.1 Overview 
Quantum mechanics forms the basis of quantum chemistry and electronic 
structure simulations. At the heart of quantum mechanics is the mathematical treatise, 
the Schrödinger equation1: 
 
Ĥߖ ൌ 	ܧߖ (A1.1) 
 
Solving the Hamiltonian operator (Ĥ) acting on the wavefunction Ψ (A1.1) on a 
particular molecular system allows related properties, e.g. energy to be obtained.  The 
physical contribution of this wavefunction comes in the form of square modulus, |Ψ|2, 
which value is proportional to the probability of finding an electron at a given time and 
point.  
 
An exact solution to equation A1.1 is not practical beyond the hydrogen atom, so 
approximations have to be made in order for it to be realistically applied to larger 
molecules. A simplification comes in the form of Born-Oppenheimer (BO) 
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approximation,2 which separates the motion of nucleus and electrons, and condenses the 
Ĥ operator for a molecule with frozen nuclei into a more condensed formula: 
 
Ĥ ൌ	െ∑ ఇ೔మଶ௘௟௘௖௧௥௢௡௜ െ ∑ ∑
௓೔
௥೔ೕ
௘௟௘௖௧௥௢௡௦௜௡௨௖௟௘௜௝ ൅ ∑ ∑ ଵ௥೔ೕ
௘௟௘௖௧௥௢௡௦௜ழ௝   (A1.2) 
 
The terms in equation A1.2 are defined as such: the first term is for electron 
kinetic energy, the second is for electron and nuclei attraction and the third is for 
repulsion between the electrons. The final nuclei-nuclei repulsion term is added at the 
end of the calculation. Under the BO approximation, the electronic energy is calculated 
for a series of nuclear geometries, and the resulting data then forms a potential energy 
surface (PES)3 for the molecular system. In essence, PES serves to model energy as a 
function of molecular geometries.4  
 
Important molecular features that can be gleaned from the PES include local 
minima and first order saddle points which correspond to the optimal equilibrium and 
transition state structures respectively. The first order saddle point is the lowest energy 
barrier on the PES that connects minima along a specific path or reaction coordinate, 
and is thus conceptualised as a transition state. PES is thus an indispensable 
computational tool to help locate transition states and mimima, allowing chemical 
pathways to be rationalised and mechanistic insights to be gained. It is therefore heavily 
used in this thesis. 
10.1.2 Hatree-Fock theory 
Hatree-Fock (HF) theory or the Self Consistent Field (SCF) method5 is based on 
the assumptions of the BO approximation as the cornerstone of ab initio quantum 
chemistry. HF, which assumes the many-electron wavefunction in the form of a single 
Slater determinant, fails to fully incorporate electron correlation of opposite spin 
electrons. Although the HF method accounts for more than 99 % of the total energy, the 
error is magnified when describing sensitive chemistry like making or breaking bonds.  
 
A method to correct for electron correlation deficiency is to express the multi-
electron wavefunction as a linear combination of all possible Slater determinants 
(ground and excited electron configurations), thus giving rise to the full Configuration 
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Interaction (CI) method. Attempting full CI calculation for a typical chemical reaction is 
not feasible due to the exponential computational costs. However, by judiciously 
choosing the more important electron excitations, i.e. the promotion of one or two 
electrons occupation into the virtual molecular orbitals, a truncated and more practical 
formalism of CI, the Configuration Interaction Singles and Doubles (CISD)6 is derived. 
Other post-HF approaches that systematically take into account electron correlation 
were also developed, e.g. commonly used Møller-Plesset perturbation theory7 (e.g. 
MP2) and coupled cluster theory8.  
10.1.3 Basis sets 
The electron distribution around an atom or atomic orbital (AO) could be 
expressed mathematically by the simple Slater of Gaussian functions. The improved 
contracted Gaussian functions to mimic Slater orbitals was developed by Pople and co-
workers and has been a popular choice in quantum chemistry.9 Termed Pople basis sets, 
it is a collection of AO basis functions. Linear combination of these basis functions 
builds a representive molecular orbital (MO), and usually multiple primitive Gaussian 
functions are used to describe a basis function. Take for instance the split-valence 6-
31+G(d,p) Pople basis set used in the thesis. The makeup of the basis set consists of 1 
basis function for each of the AOs in the core shell (consisting 6 Gaussians), and 2 basis 
functions, one with 3 Gaussians and one with 1 Gaussian, for each of the AOs in the 
valence shell. Important basis sets, such as this one, feature additional d- and p-
polarisation (d,p) on heavy atoms and H atoms respectively, and diffuse functions (+), 
which are added to better describe anions and long-range interactions. For transition 
metals and heavy atoms (e.g. larger than Cl) effective core potentials (ECP) were used 
instead. ECPs treat core electrons as pseudopotentials thus reducing basis functions used 
and computational cost. An example is SDD.10 
10.1.4 Kohn-Sham theory and DFT 
When it comes to performing routine quantum-chemical calculations, density 
functional theory (DFT) is often preferred as it is based on the electron probability 
density function (or electron density), which is an observable and can be physically 
measured by X-ray or electron diffraction experiments. Contemporary DFT variants that 
rigorously enhance the exchange-correlation functional of the formalism allow efficient 
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calculations as in electronic structure geometry optimisations, and provide reliable data 
on molecular properties such as charges, vibrational frequencies and energies.  
 
The foundations of DFT rest on the Hohenberg-Kohn (HK) theorem,11 which 
states that the ground state energy is determined by the one-electron density. Modern 
DFT methods are however based on the Kohn-Sham (KS) theory,12 a successor of the 
HK theorem. The KS functional has the following form: 
 
ܧሺߩሻ ൌ 	ܶሺߩሻ ൅ ܧ௡௘ሺߩሻ ൅ ܧ௘௘ሺߩሻ ൅ ܧ௑஼ሺߩሻ (A1.3) 
  
In equation A1.3, the first term is the kinetic energy of non-interaction electron, 
the second and third for nuclear-electron attraction and electron-electron repulsion 
respectively, and the last is the non-derivable exchange-correlation (EC) functional. The 
success of DFT is largely guided by the EC functional, which approximations are 
applied into this framework. An example would be the highly successful hybrid DFT 
the Becke,13 three-parameter, Lee-Yang-Parr14 (B3LYP) functional, which introduces a 
generalised gradient approximation (GGA) to the electron density, and mixes HF into 
the Becke exchange functional with parameterisations.  
 
Another prolific DFT method that adopts a more rigorous meta-GGA approach to 
the EC, by considering the second derivative of the electron density, is the Minnesota 
functional series, specifically M06-2X,15 M11,16 M11-L17 and MN12-SX18 used in this 
thesis. These meta hybrid functionals incorporate varying degrees of HF exchange, 
parameterised and fitted to experiment data, making them highly accurate and suitable 
for computational modelling of problematic DFT cases19 like transition metal-transition 
metal bonds, and non-covalent interactions, e.g. π- π stacking.  
 
DFT methods are generally more robust than HF with minimal increase in 
computational cost and, most important of all, inclusion of electron correlation. Thus, 
DFT was used in all work that was presented in this thesis: generally, the B3LYP 
functional was employed for geometry optimisation and molecular frequencies, and the 
Minnesota functionals were progressively used for improved geometry optimisations, 
frequencies and energies. DFT is however limited as a single determinant method and 
this will be explored in the next section and how this is overcomed.  
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10.1.5 Broken symmetry DFT and multi-reference problems 
Molecules displaying singlet biradical character require multi-reference solutions 
and the closed-shell DFT (R-DFT) form, which is restricted to a single determinant 
description, is inadequate. By destroying the α and β spatial symmetries in the MO of 
the singlet state, i.e. in the form of open-shell DFT or unrestricted DFT (U-DFT) broken 
symmetry approach, a reasonable solution to the multi-reference problem could be 
achieved. This is justified by calculations of singlet biradicals with the broken 
symmetry U-DFT yielding lower energies compared to the R-DFT formalism, which 
according to the variational principle is because of better densities from U-DFT.20 
However, in situations where the broken symmetry wavefunction has large spin 
contamination, i.e. the spin squared operator ‹S2› = 1.0, one should be cautious of the 
equal mixing of singlet and triplet states as the energy derived would be an average of 
the two states. A simple solution would be to use a spin projection technique to estimate 
the energy as ‹S2› = 0.21   
 
The broken symmetry approach, in which one first generaties a guess of the 
wavefunction via mixing spin states, was formulated by Noodleman to computationally 
study ferromagetically coupled transition metal-metal interactions,22 and has since been 
used to calculate molecular systems of biradical molecules and chemical steps involving 
bond homolysis or rearrangments.23 The accuracy of this approach has been matched to 
multi-reference wavefunction techniques like multi-configurational SCF theory. The 
broken symmetry U-DFT was thus applied in several work in this thesis, for bond 
homolysis processes, such as O-O bond cleavage through optimisation of singlet 
biradical transition state and minimum electronic structures.   
10.1.6 Transition state theory and solvent effects 
An important step in mechanistic studies is the comparison of transition state (TS) 
and minimum structure Gibbs free energies, and the underlying concept behind Gibbs 
free energy is the statistical distribution of chemical species involved in a process. 
Mechanistic studies that were carried out to model various reactions throughout the 
work in this thesis involve multi-elementary step processes, and a thorough study by 
elucidating all possible pathways allow one to qualitatively curate the feasibility of a 
given reaction channel based on energies of the rate determining TS. Applying the 
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energies gained from DFT modelling into the Transition State Theory (TST) model24 
allows one to generate meaningful physical kinetic estimates of forward rate constant 
(k) based on the Gibbs free energy difference between the TS and reactants. This is done 
using the textbook Eyring’s equation: 
 
݇ ൌ ߢሺܶሻ	௞ಳ்௛ ݁
ష∆ಸ‡
ೃ೅  (A1.4)  
 
The terms in equation A1.4 are the following: kB is Boltzmann constant, h is 
Planck constant, R is the ideal gas constant, T is temperature and ΔG‡ is the Gibbs free 
energy barrier. A correction for quantum mechanical tunnelling, κ(T), is added in 
equation A1.4. The tunnelling co-factor that is used is based on the simple one-
dimensional Eckart method.25  
 
Optimisation of electronic structures is typically done in gas-phase and the 
molecules are treated as ideal gas molecules using ideal gas partition functions. In 
reality, reactions are usually conducted in solution, and the polar effects of the solvent 
do in fact perturb the molecules such that gas-phase assumptions would not yield 
accurate results in certain cases. The brute force approach is to carry out geometry 
optimisations in an ensemble of explicit solvent molecules, which would be ideal but 
costly. The other approach is to use a continuum solvent model.26 There are two 
strategies in which solvent effects could be considered in a continuum solvent model.  
 
 
Scheme 10.1.1 Thermocycle to determine solution free energy from gas-phase 
optimised stationary points 
 
The first strategy adopts a thermocycle to determine the solution free energy 
ΔGsoln, which gas-phase optimised stationary structures are re-calculated to derive the 
solvation free energy ΔGsolv contributions for each species (Scheme 10.1.1). A unit 
conversion term is also required for transferring of 1 atm of gas molecule into standard 
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state concentration of 1 mol/L in solution by RTln(RT/P) for each species. The other 
strategy is to optimise and relax the geometry entirely in the continuum model matrix in 
order to take into account the the energetic cost associated with structural changes 
during solvation. The latter method for applying continuum model simulations is more 
expensive computationally but is recommended.27 Both strategies were used in this 
thesis for consideration of solvent effects depending on size and chemistry of the 
system. 
 
Calculations with the implicit continuum model drastically help reduce 
computational costs when compared with modelling with explicit solvents. The implicit 
model could be rationalised by carving out a cavity in a dielectric medium and 
embedding the solute in there. And by doing so, there are a number of free energy 
components to be accounted for: first is the cost for cavitation as solvent-solvent 
interaction is lost (ΔGcav); second an electrostatic contribution due to cost of polarising 
the solute-solvent and the electrostatic forces (attractive or repulsive) between them 
(ΔGelec); third is the non-electrostatic component which comes in the form of H-bonding 
or dispersion forces in the solute-solvent interaction (ΔGnon-elec). The ΔGsolv of solute is 
thus the sum of the three free energy contributions listed above. The continuum model 
used consistently in this thesis is the well known universal solvation model, SMD.28 
10.1.7 High-level composite methods 
A multi-level computational approach could be applied to refine the accuracy of 
energies of optimised structures with highly-correlated ab initio methods like coupled 
cluster singles and doubles with perturbative triples excitation, CCSD(T).8 Since 
CCSD(T) scaling is N7, where N is the no. of basis functions, it is hence impossible to 
calculate a reasonable medium sized molecule with a basis set extrapolated to the 
Complete Basis Set (CBS) limit. The compromise would be to do a calculation with 
CCSD(T) and small basis set based on the DFT optimised structure, and apply multiple 
additive corrections. In principle, a high level composite calculation, e.g. G3(MP2)-
RAD method29 used in the thesis is addition of these components: 
 
EG3(MP2)-RAD = ECCSD(T)/6-31G(d) + EMP2/G3MP2Large – EMP2/6-31G(d) + HLC + ESO (A1.5) 
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G3MP2Large is a large basis set similar to 6-311+G(3df,2p) basis set with core 
polarisation. The HLC term is the higher level empirical correction and Eso is the spin 
orbit correction for atoms. Another composite method used in this thesis is the newer 
variant, G4(MP2)-6X.30 This multi-level approach for quantum chemical calculation is 
more efficient and assessed to be more accurate.31 
10.1.8 Non-covalent interactions (NCIplot & DORI) 
Intra- or inter-molecular non-covalent interactions (NCIs), especially H-bonding, 
dipole-dipole, steric and dispersion interactions are crucial in chemistry. As highlighted 
in Chapters 2 and 6, H-bonding plays a significant chemical role32 in assisting O-O 
bond cleavage and allowing chiral organic catalysts to perform stereoselective reactions. 
Quantum identification of such non-covalent interactions is beneficial since it allows 
qualitative chemical insights to be obtained. Section 10.1.4 describes the electron 
density, ρ(r), as calculated via DFT, and the first derivative of electron density or 
reduced density gradient. The reduced density gradient, a dimensionless unit, is useful 
in identifying homogeneous electron distribution deviations and this information helps 
predict NCIs. Theoretically, at regions far from the molecule, i.e. density tails, where 
the ρ(r) decays exponentially to zero, the reduced gradient will have large positive 
values. If however an NCI is present, the density tails where ρ(r) tends to zero, would 
have reduced gradient tipped close to zero.33  
 
By applying this principle of ρ(r) and reduced gradient, one can construct 3-D 
colour-coded surfaces which allow instant visualisation and qualification of the 
attractive or repulsive NCI between catalyst and reactants for example. The calculations 
were carried out with the programme NCIplot developed in the research group of Yang 
an co-workers,34 with visualisation using the VMD programme35.  
 
To assess the quantitative strength of, for example, H-bonding, the use of Density 
Overlap Regions Indicator (DORI)36 analysis was used. DORI helps to isolate non-
covalent from covalent ρ(r) overlap regions and the integral of ρ(r) provides a 
dimensionless quantity that relates to the compactness of this overlapped region, thus 
predicting the strength of the NCI. 
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10.1.9 Conclusion 
This section of the Appendix 10.1, is by no means a provision of exhaustive 
coverage of computational chemistry, but rather strives to provide a brief overview of 
the theoretical methods germane to all the work presented in this thesis. A good number 
of books provide better theoretical understanding and were consulted for this section.37 
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Appendix S1. Background computational studies 
 
In pioneer accounts, Raley et al.1 and Russell2 suggested that ROO• is first involved in formation 
of  the  adduct  tetraoxide  RO4R  that  further  trifurcates  into  three major  reaction  channels 
(Scheme S1, reactions 1a, 1c & 1d). Various experimental works exploring MeOO• 3 and EtOO• 
4 self‐reaction indicated that, based on relative rate coefficients, the more dominant pathways 
are 1a and 1d, with 1c being minor. The kinetic branching  ratio of  reactions 1a and 1d vary 
amongst the reports but, based on the observed products the secondary oxidation reaction of 
EtO• by O2 quickly consumes it and forms aldehyde and HOO•.4a 
 
Scheme S1. Possible rearrangement pathways of tetroxide. 
Early  computational  studies  investigated  peroxyl  self‐reaction  and  the  associated  reaction 
pathways  for  tetraoxide  decomposition  based  on  reaction  energetics.5  Notably,  theoretical 
calculations  on  methyl  peroxyl  self‐reaction  by  Ghigo  et  al  surmised  that  at  the  high 
temperatures associated with combustion  (~900 K), most  tetraoxide will dissociate  to MeO• 
radicals and O2.6 More  recent density  functional  theory studies by  the separate groups of F. 
Wang7 and W. Wang8 report a high activation barrier for the classic two‐step‐cyclic pathway as 
initially  proposed  by  Russell  and  Raley  (Scheme  1,  reaction  1c  &  1d)2.  The  lowest  barrier 
calculated  by Wang  and  co‐workers  involves  a  cyclic  rearrangement  of  the  alpha  hydrogen 
dissociating to CH3C(O)H + HOO• + CH3CH2O• (Scheme 1, 1b).    In this regard, an earlier MP2 
study by Feria et al9 found a similar pathway for the concerted rearrangement step 1b. However, 
while this previous computational work has evaluated pathways 1b‐1e,  it has not definitively 
explored other possible O‐O bond  type  fission pathways, and  in particular  the homolysis of 
(CH3CH2OO)2  to  CH3CH2OOO•  +  CH3CH2O•  and  its  further  dissociation  of  CH3CH2OOO•  to 
CH3CH2O•   + O2  (Scheme 1,  reaction 1a).  It  is also possible  that  the products of  this  radical 
reaction  (1a) undergo  further  self‐reaction  to  give ROH  + R’C(O)H + O2, hence providing  an 
alternative route to the products of channels 1b and 1d. 
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Figure S1. Reaction pathways describing the fate of EtOO• self‐termination and tetroxide (EtO4Et) decomposition. 
Values in italics are free energy relative and in parenthesis are enthalpies (kcal/mol) relative to 2 EtOO•. a Spin‐
projection corrected energies.  
Figure S1 shows the calculated Gibbs free energy barriers and reaction energies for the possible 
decomposition pathways from diethyl tetraoxide EtO4Et at room temperature. It is formed from 
combination of the 2 EtOO• through TScomb (Figure S1; ΔG‡= 12.8 kcal/mol). In addition to the 
formation of the EtO4Et via combination of two peroxyl radicals, we also considered alternative 
self‐reaction channels.  
The first is self‐reaction of two peroxyl radicals via H‐abstraction, TS1f (Figure S1), to form EtOOH 
and a Criegee intermediate. We find that this pathway has a free energy barrier of 27.4 kcal/mol. 
The second via SH2 homolytic substitution (TS1g) between two peroxyl radicals but this step is 
highly energetically costly with calculated free barrier of 45.4 kcal/mol. Based on energetics it is 
more likely that the self‐reaction of peroxyl radicals results in formation of the tetraoxide, which 
then undergoes further decomposition. 
Examining Figure S1, we first note that from EtO4Et, there is an O‐O bond rupture transition state 
(TS) structure (Figure S1 TS1a, ΔG‡= 18.7 kcal/mol). This corresponds to the single asymmetric 
homolytic O‐O bond fragmentation experimentally observed by Brown10 and Ingold11 for di‐tert‐
butyl  tetraoxide  (tBuOOOOtBu).  Nangia  and  Benson,12  claimed  that  the  corresponding 
intermediates CH3OOO•  + CH3O•  could not have  been  formed  as  the  standard  enthalpy of 
formation, ΔH°f = 23.3 kcal/mol, is well above the activation enthalpy of 17.5 kcal/mol. However 
our calculations suggest that the radical pair int‐1 (ΔG = 14.3 kcal/mol)  is more exoergic than 
the preceding TS1a.  It  is thus more viable  for caged radical species to be present  in solution 
phase and stabilized by non‐covalent H‐bond interactions with the α‐hydrogen on R group in our 
context.  
The subsequent O‐O fission of int‐1 through transition state TS2 connects to an caged radical 
complex  int‐2  (ΔG  =  0.0  kcal/mol)  with  overall  singlet  spin  multiplicity,  3[EtO•]2‐‐‐3O2. 
Interestingly  the  relative Gibbs  free energy  for TS2  is  lower  than  the preceding  int‐1, which 
suggests that the second O‐O fragmentation is a barrierless process, which would immediately 
follow the first O‐O fragmentation. TS2 was fully investigated by scanning the potential energy 
surface  (PES)  for  unimolecular  dissociation  of O2 at  coupled  cluster  CCSD/6‐31G(d)  level  of 
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theory. Due to computational constraints, trioxyl radical was probed instead (EtOOO• ⇌ EtO• + 
O2). From the PES a possible first order saddle‐point structure was located just 1 kcal/mol above 
the minimum  for which  the  process  could  be  deemed  diffusion  controlled  (Figure  S2). We 
suspect  that  at  a  level  of  high  correlation  CCSD(T)  approach  to  optimize  the  2nd  O‐O 
fragmentation (TS2) would similarly yield a very low activation barrier.  
 
Figure S2. Potential energy scan of O2 dissociation from EtOOO• at CCSD/6‐31(d) level of theory. 
The two‐step O‐O fragmentation process via TS1a is the most energetically accessible amongst 
the other concerted rearrangement processes that were previously studied (TS1b‐e in Figure S1 
corresponding  to  literature pathways 1b‐1e  in Scheme S1).7‐8 What  is noteworthy  is that  the 
putative Russell  cyclic  concerted mechanism  (TS1d,  Figure  S1; pathway 1d  in  Scheme  S1)  is 
highly unfavorable with a free energy barrier ΔG‡ of 42.8 kcal/mol! This is presumably due to a 
combination of the high intrinsic barrier of C‐H (versus O‐H) bond breaking, and steric strain in 
the transition state. Similarly for pathway 1c (TS1c) which produces dialkyl peroxide, the high 
free  energy  barrier  of  33.9  kcal/mol  is  due  to  highly  strained O  arrangement  in  the  cyclic 
transition state. Indeed, all of the concerted mechanisms considered (TS1b‐e), strained O‐O‐O‐
O cyclic rearrangement in the transition state resulted in higher free energy barriers than the 
asymmetric step‐wise TS1a.  
The 3‐component radical complex  int‐2  formed directly  from TS1a can  then undergo  further 
decomposition or termination to non‐radical products, or cage escape, the outcome of which 
depends on whether the precursor alkylperoxyl radical contains α‐hydrogen – for which all of 
decomposition termination pathways were covered for n‐, s‐ and t‐butylperoxyl radicals in the 
main manuscript. As we show in the main manuscript, this single pathway and the subsequent 
decomposition  of  int‐2  can  account  for  all  of  the  different  experimental  products, without 
recourse to TS1b‐e. 
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Appendix S2. Non‐bonded interactions: NCI and DORI Analyses 
 
Non‐covalent interaction (NCI) analysis is used to identify weak bonding (H‐bonding or Van der 
Waals) and non‐bonding interactions (steric repulsion) between molecular fragments based on 
the  electron  density  and  its derivatives.  The NCI  topological  analysis based on  the  reduced 
density gradient was computed with NCIplot programme13, 15 to qualify isosurfaces or 3D plots 
of non‐covalent  interactions  in  the electronic structure of TS1a. Regions which are attractive 
have  sign  of  the  second  density  Hessian  eigenvalue,  sign(λ2),  as  negative  and  repulsive  as 
positive. For Van der Waals interaction, λ2 ≲ 0. The NCI provides a more quantitative picture of 
the non‐covalent interactions or steric repulsions in the TS1a analogues (Fig. S3).  
 
Figure S3. Non‐covalent interaction (NCI) analysis is used to identify weak bonding (H‐bonding and Van der Waals) 
and non‐bonding  interactions  (steric  repulsion)  between molecular  fragments based on  electron density  and  its 
derivatives. Shown here are 3D plots of the interaction regions between the various fragments in TS1a for primary, 
secondary and tertiary tetroxides respectively. Blue indicates an attractive interaction, red indicates repulsion. The 
electron density ρ(r) is set at an isovalue of 0.5 au in the sign(λ2)ρ(r) range of ‐0.5 to 0.5, which corresponds to blue‐
green‐red color scale. Graphics were generated from VMD14. For full information on NCI see the text. 
The NCI plot  reveals Cα‐H∙∙∙O and Cβ‐H∙∙∙O H‐bonding  interactions  for primary and secondary 
TS1a, while tertiary exhibits only Cβ‐H∙∙∙O interactions. To further quantify the overall strength 
of  non‐covalent  interactions  for  the  isomers,  we  have  employed  an  orbital‐free  density‐
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dependent scalar field and performed the Density Overlap Regions Indicator (DORI) analyses16 
using the modified DGrid program17 (see Figures S4 and S5). All densities were computed with 
ADF package18 at  the PBE0‐dDsC/DZP19  level of  theory. DORI detects  the  regions of electron 
density overlap and allows discriminating between the covalent and non‐covalent interactions, 
associated with  these  regions. The DORI compactness  index  is a dimensionless quantity  that 
characterizes the electron compactness within a given density overlap region. It is computed as 
an integral of electron density over the chosen region (domain), enclosed by DORI isosurface at 
a chosen isovalue (in this work set to 0.95).  
 
Figure S4. Optimized  transition  state  structures TS1a  isomers  (left)  showing key Cα‐H∙∙∙O and Cβ‐H∙∙∙O H‐bonding 
interactions. Cumulative Density Overlap Regions Indicator (DORI) compactness indices quantify the strength of non‐
covalent  interactions, corresponding to the electron density overlap regions, enclosed by DORI  isosurfaces at 0.95 
isovalue (right) . 
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Appendix S3. Assessment of Hydrogen Bonding Strength in Model 
Systems 
To  assess  the  energetic  importance  of  hydrogen  bond  formation, we  calculated  the 
energy for formation of hydrogen‐bonded complexes between s‐ and t‐dibutyl tetroxides 
and  CH3OCH3  (see  Figure  S5).    The  zero‐point  corrected  complexation  energies were 
calculated  at  M11/6‐311++G(d,p)//M11/6‐31+G(d,p)  level  of  theory,  and  the 
stabilization  energies  are  5.7  and  4.2  kcal  mol–1  for  secondary  and  tertiary  alkyl 
respectively. This suggests that, provided contacts are close enough, C–H∙∙∙O hydrogen 
bonding interactions are energetically significant. Moreover, the extra stabilization of 1.5 
kcal mol‐1 calculated in the s‐tetroxide‐ether complex could be attributed to stronger Cα‐
H∙∙∙O  bonding  interactions  as  also  indicated  by  the  larger DORI  compactness  indices 
(Figure S5, right).  
 
 
Figure S5. Geometries of the tetroxide‐ether complexes, showing bond distances (Å) of key H‐bonds. Cumulative DORI 
compactness  indices  quantify  the  strength  of  non‐covalent  interactions,  corresponding  to  the  electron  density 
overlap regions, enclosed by DORI isosurfaces at 0.95 isovalue (right)  
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Appendix S4.  Additional Computational details 
 
Density functional theory (DFT) and ab initio calculations were carried out with Gaussian 09 20 
suite of programs. A survey of DFT methods was carried out to select an appropriate functional. 
We selected the Minnesota meta hybrid functional M11 (an improved version of the Minnesota 
06 functional series) 21 with Pople’s basis set 6‐31+G(d,p) 22 on the basis that it provided values 
of the bond dissociation enthalpy (BDE) of peroxides that were close to literature values from 
both experiment and high‐level ab initio levels of theory (Table S1). 
Table S1. O‐O bond dissociation enthalpies (kcal/mol) for peroxides 
  Calculated  BDE from literaturea,  
HOOH  49.8  50.7 (50.5) 
MeOOH  43.6  44.7 (44.6) 
MeOOMe  36.3  38.5 (37.8) 
a Ab initio BDE at CBSQ level of theory and in parenthesis are experimental values (see ref. 23 for related citation)    
Geometries  were  optimized  at  the  prescribed  M11/6‐31+G(d,p)  and  second  derivative 
eigenvalues were inspected to ensure that the convergence corresponds correctly to a minima 
(all positive) or first‐order saddle point (one negative). The keyword ‘guess=mix’ and open‐shell 
M11  (UDFT) were  implemented to optimize singlet bi‐ or tetra‐radicaloid structures, and the 
spin‐squared operator <S2> was confirmed to be approximately equal to 1 or 2 respectively (see 
table S2).   
Improved single point calculations using open‐shell coupled cluster UCCSD(T) with Dunning’s 
correlation  consistent  double  zeta  cc‐pVDZ  24  basis  set  was  carried  out  on  the  optimized 
geometries.  The wavefunctions  from  the UDFT  output  checkpoint  files were  used  as  initial 
guesses  for UCCSD(T) computations by evoking  ‘guess=read’ keyword. The T1 diagnostic was 
calculated concurrently to ascertain if the single‐reference UCCSD(T) wavefunction is reliable. It 
has  been  reported  that  values  above  the  ‘benchmark’  0.044  should  be  treated with multi‐
reference methods25;  in the present work all species fall below this threshold (Table S2). The 
UCCSD(T) electronic energies were combined with M11/6‐31+G(d,p)  thermal and vibrational 
correction energies to obtain the gas phase free energy Ggas at ambient 298 K (table S2). The 
vibrational  corrections  were  treated  by  means  of  quasiharmonic  approximation  in  which 
frequencies below 100 cm‐1 are set to 100 cm‐1 to minimize erroneous vibrational entropies.26  
RT
G
B
h
Tkk

 exp  
For  equilibrium  structures,  the  spin‐projection method  for  the  broken  symmetry minimum 
structures was adapted in our computations to minimize triplet contamination in the open‐shell 
UCCSD(T) electronic energies. It is noteworthy that we do not see significant differences in the 
electronic energy (within 1 kcal/mol) between the spin‐projection corrected EAP[UCCSD(T)] and 
broken symmetry EBS[UCCSD(T)]; except in the case of the relative energies between the lowest 
state  excited  singlet  state  of  O2  and  the  ground  state  triplet.  The  spin‐projection method 
however severely under‐estimates the TS energies such that the first TS1a is negative and not 
meaningful. This under‐estimation was also encountered in the work of Bach et al.27 Previous 
calculations  by  Schegel28  and  Truhlar29  demonstrated  that  UCCSD(T)  calculations  are  less 
susceptible  to  spin  contamination  or  unrestricted  reference  state  and  this  prompts  us  to 
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consider  all UCCSD(T)  TSs  energies  as  is without  spin  correction.  The  singlet  spin‐projected 
energy is estimated from equations (1) and (2) based on Yamaguchi’s technique:  
HSBS EEEAP )1(     (1)   
22
22
SS
SS
BSHS
LS
exact
HS

     (2) 
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Appendix S4. Raw Computational Data  
 
All energies in hartrees. Single-point CCSD(T)/cc-pVDZ gas-phase electronic energy:  a high spin UCCSD(T) electronic 
energies; b broken symmetry UCCSD(T) electronic energies & c spin-projected or closed shell CCSD(T) electronic 
energies. d Spin-squared operator of the CCSD(T) calculation. e T1 diagnostic. f at M11 level of theory
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Appendix S5. Gaussian archive entries 
 
1O2 
 1\1\GINC-R43\FOpt\UM11\6-31+G(d,p)\O2\ROOT\03-Sep-2015\0\\# um11/6-31+ 
 G** opt scf=maxcyc=200 guess=mix # int=ultrafine freq\\O2 (singlet; de 
 lta symm)\\0,1\O,0.,0.,0.5986248719\O,0.,0.,-0.5986248719\\Version=ES6 
 4L-G09RevD.01\HF=-150.2495406\S2=1.003144\S2-1=0.\S2A=0.025158\RMSD=8. 
 358e-09\RMSF=6.713e-05\Dipole=0.,0.,0.\Quadrupole=0.1372345,0.1372345, 
 -0.274469,0.,0.,0.\PG=D*H [C*(O1.O1)]\\@ 
 
3O2 
 1\1\GINC-R39\FOpt\UM11\6-31+G(d,p)\O2(3)\ROOT\03-Sep-2015\0\\# um11/6- 
 31+G** opt scf=maxcyc=200 # int=ultrafine freq\\O2 (triplet; sigma sym 
 m)\\0,3\O,-0.9915000146,-0.5791204217,0.0024636059\O,-0.8727889854,0.6 
 114364217,0.0011943941\\Version=ES64L-G09RevD.01\State=3-SGG\HF=-150.2 
 668532\S2=2.005862\S2-1=0.\S2A=2.000017\RMSD=9.689e-09\RMSF=1.588e-04\ 
 Dipole=0.,0.,0.\Quadrupole=0.1352511,-0.2746176,0.1393665,-0.0412786,0 
 .000044,0.0004413\PG=D*H [C*(O1.O1)]\\@ 
 
EtOO∙ 
 1\1\GINC-R2587\FOpt\UM11\6-31+G(d,p)\C2H5O2(2)\ROOT\28-Aug-2015\0\\# u 
 m11/6-31+g(d,p) opt=maxcyc=200 int=ultrafine scf=maxcyc=200 # freq=nor 
 aman\\EtOO* radical\\0,2\C,-1.1957328715,0.172548364,0.0079868741\H,-0 
 .8507191036,-0.8684410921,-0.0273754231\H,-0.8370186814,0.6878019264,- 
 0.8916191606\H,-2.2927112774,0.1750964187,-0.0012214347\C,-0.667478186 
 7,0.8435883665,1.2581233052\H,0.4292501213,0.8935845992,1.2877212672\H 
 ,-1.0341167879,0.3781108438,2.1828271296\O,-1.154134052,2.2118754347,1 
 .2504903111\O,-0.7462769108,2.8673541987,2.297242881\\Version=ES64L-G0 
 9RevD.01\State=2-A\HF=-229.4327509\S2=0.752909\S2-1=0.\S2A=0.750005\RM 
 SD=5.373e-09\RMSF=1.171e-04\Dipole=0.140594,-1.1869825,-0.4545345\Quad 
 rupole=0.9588507,-0.8492543,-0.1095965,0.0875405,-0.4633459,-1.0799122 
 \PG=C01 [X(C2H5O2)]\\@ 
 
EtO∙ 
 1\1\GINC-R436\FOpt\UM11\6-31+G(d,p)\C2H5O1(2)\ROOT\28-Aug-2015\0\\# um 
 11/6-31+g(d,p) opt=maxcyc=200 int=ultrafine scf=maxcyc=200 # freq=nora 
 man\\EtO* radical\\0,2\C,-2.3691308772,0.0228493915,-0.007383942\H,-2. 
 0039935754,-1.013214067,-0.009263671\H,-2.0146436386,0.5192664097,-0.9 
 197174698\H,-3.4662239504,0.0060767873,-0.0308145339\C,-1.8780295144,0 
 .7703296931,1.2261277933\H,-0.7698121421,0.7797913387,1.2933015936\H,- 
 2.1970623563,0.2752033442,2.1673055294\O,-2.2892995408,2.0790128262,1. 
 3100639878\\Version=ES64L-G09RevD.01\State=2-A"\HF=-154.2900465\S2=0.7 
 52842\S2-1=0.\S2A=0.750006\RMSD=7.776e-09\RMSF=1.311e-04\Dipole=0.2736 
 292,-0.8592328,-0.0492232\Quadrupole=1.1156688,-1.7040887,0.5884199,0. 
 4259406,-0.0729632,-1.0450998\PG=CS [SG(C2H1O1),X(H4)]\\@ 
 
TScomb 
 1\1\GINC-R538\FTS\UM11\6-31+G(d,p)\C4H10O4\ROOT\28-Aug-2015\0\\# um11/ 
 6-31+G** opt=(TS,calcfc,noeigen,maxcyc=200) scf=maxcyc=200 # int=ultra 
 fine guess=mix freq=noraman nosymm\\TS for 2 ROO* addition to ROOOOR\\ 
 0,1\H,2.8929547482,-0.431805946,-0.1143510265\C,1.9546045463,0.0406940 
 384,0.208054766\H,1.6161627903,-0.4145017753,1.1487445801\O,0.94524956 
 72,-0.2714870068,-0.7848827139\O,0.6134076672,-1.5441104249,-0.7099952 
 36\H,-1.6161892954,-0.4144995308,-1.1487130967\C,-1.9546204489,0.04073 
 31784,-0.2080373203\H,-2.892982204,-0.4317343082,0.1143824962\O,-0.945 
 2733591,-0.2714419947,0.7849100504\O,-0.6134608389,-1.5440752583,0.710 
 0603078\C,-2.0452832161,1.5496760142,-0.2894797259\H,-2.8330235468,1.8 
 380254041,-0.9967980155\H,-2.2849248923,1.9821792059,0.6904186367\H,-1 
 .0926332189,1.9660527282,-0.6413215256\C,2.0453039842,1.5496371602,0.2 
 894510036\H,1.092664306,1.9660479908,0.6412803634\H,2.8330516057,1.837 
 9890212,0.9967601657\H,2.284955805,1.9821045038,-0.6904607095\\Version 
 =ES64L-G09RevD.01\HF=-458.8649417\S2=0.381125\S2-1=0.\S2A=0.00399\RMSD 
 =6.226e-09\RMSF=6.589e-07\Dipole=0.0000139,1.1589267,-0.0000176\Quadru 
 pole=6.1715756,-3.6193232,-2.5522524,-0.0001023,1.9686688,0.0000139\PG 
 =C01 [X(C4H10O4)]\\@ 
 
EtO4Et  
 1\1\GINC-R730\FOpt\RM11\6-31+G(d,p)\C4H10O4\ROOT\27-Apr-2015\0\\# freq 
  m11/6-31+g(d,p) opt=maxcyc=200 int=ultrafine scf=maxcyc=200\\EtOOOOEt 
 \\0,1\H,0.1809789359,2.374738783,-0.0746462833\C,1.2042106064,2.092309 
 1482,-0.3641218765\O,1.1928743731,0.7179162912,-0.7813040382\O,0.69951 
 18351,-0.0613210412,0.2753153995\O,-0.6995118351,0.0613210412,0.275315 
 3995\O,-1.1928743731,-0.7179162912,-0.7813040382\C,-1.2042106064,-2.09 
 23091482,-0.3641218765\H,-0.1809789359,-2.374738783,-0.0746462833\C,-2 
 .2114755699,-2.345497773,0.7442983163\H,-3.2196285269,-2.0565307736,0. 
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 4213140298\H,-2.2198406271,-3.410846501,1.0103731517\H,-1.9509918259,- 
 1.7686015703,1.6401380138\C,2.2114755699,2.345497773,0.7442983163\H,2. 
 2198406271,3.410846501,1.0103731517\H,1.9509918259,1.7686015703,1.6401 
 380138\H,3.2196285269,2.0565307736,0.4213140298\H,1.4643112781,2.62439 
 97535,-1.2886477131\H,-1.4643112781,-2.6243997535,-1.2886477131\\Versi 
 on=ES64L-G09RevD.01\State=1-A\HF=-458.8826516\RMSD=6.018e-09\RMSF=4.60 
 3e-06\Dipole=0.,0.,0.3184689\Quadrupole=-1.985996,5.6066023,-3.6206062 
 ,4.3377551,0.,0.\PG=C02 [X(C4H10O4)]\\@ 
 
TS1a 
 1\1\GINC-R170\FTS\UM11\6-31+G(d,p)\C4H10O4\ROOT\28-Apr-2015\0\\# freq 
 um11/6-31+g(d,p) opt=(TS,calcfc,noeigen,maxcyc=200) # int=ultrafine sc 
 f=maxcyc=200 guess=mix\\TS for single O-O break: EtO4Et\\0,1\H,1.53786 
 30619,0.5151130758,1.2285992476\C,2.1155030545,0.620150363,0.291288306 
 4\O,1.2656477267,0.8964860694,-0.7732115166\O,0.0121143462,-0.58542131 
 01,-0.73532778\O,-0.2522341413,-0.8302908757,0.4789834912\O,-1.1372648 
 044,0.1715140425,1.0724357021\C,-2.0235438468,0.7193474166,0.091612078 
 6\H,-1.4357538351,1.1909430291,-0.7076185637\C,-3.0189080723,-0.305011 
 1114,-0.4289420881\H,-3.5686658143,-0.7638650199,0.4023409735\H,-3.737 
 7927127,0.182185357,-1.1005571324\H,-2.5102900964,-1.0953183361,-0.995 
 3266089\C,3.0342909994,-0.5698298341,0.0468014868\H,3.7342088415,-0.70 
 03258651,0.8829936627\H,2.4401075389,-1.4876331092,-0.054673932\H,3.60 
 6228948,-0.4260729029,-0.8784261633\H,2.6918738511,1.5605999673,0.3969 
 837163\H,-2.513931045,1.5111190437,0.6742671199\\Version=ES64L-G09RevD 
 .01\State=1-A\HF=-458.8466454\S2=0.606464\S2-1=0.\S2A=0.011833\RMSD=8. 
 426e-09\RMSF=2.391e-06\Dipole=-0.291536,0.1828046,0.2438403\Quadrupole 
 =5.5962349,-1.4090682,-4.1871667,-0.7855279,2.5875772,0.9715278\PG=C01 
  [X(C4H10O4)]\\@ 
 
int-1 
 1\1\GINC-R813\FOpt\UM11\6-31+G(d,p)\C4H10O4\ROOT\28-Apr-2015\0\\# freq 
  um11/6-31+g(d,p) opt=maxcyc=200 int=ultrafine scf=maxcyc=200 guess=mi 
 x\\EtOOO*--*OEt radical dimer\\0,1\H,1.5367239237,0.4087104165,1.24203 
 22564\C,2.1414739344,0.6361198556,0.3436196827\O,1.3318234235,1.128784 
 6692,-0.6540712365\O,-0.2438857942,-1.1265171076,-0.7272810455\O,-0.42 
 70802001,-1.1173479906,0.5097324114\O,-1.0337599449,0.1289037156,1.014 
 6282705\C,-1.7681627077,0.8008638331,-0.0112296579\H,-1.111190763,0.98 
 82683738,-0.8704660933\C,-3.045536346,0.0630080529,-0.3808288666\H,-3. 
 6639714126,-0.1073931853,0.5092623913\H,-3.6227548183,0.655975499,-1.1 
 023712817\H,-2.8196181641,-0.9054994407,-0.8447763424\C,3.0214733256,- 
 0.5315451022,-0.0900866984\H,3.6806553556,-0.8459837978,0.7300917471\H 
 ,2.3938529489,-1.3846098973,-0.3789893398\H,3.6363587461,-0.2471653811 
 ,-0.9530578508\H,2.763568811,1.5135869492,0.6295428507\H,-1.9705693177 
 ,1.7653355378,0.4746008027\\Version=ES64L-G09RevD.01\State=1-A\HF=-458 
 .8513721\S2=0.992423\S2-1=0.\S2A=0.048931\RMSD=5.113e-09\RMSF=8.798e-0 
 6\Dipole=-0.0813983,0.2910507,0.2966398\Quadrupole=5.3644561,-1.679550 
 6,-3.6849055,-1.0189239,2.7401485,0.7579387\PG=C01 [X(C4H10O4)]\\@ 
 
TS2 
 1\1\GINC-R576\FTS\UM11\6-31+G(d,p)\C4H10O4\ROOT\24-Jul-2015\0\\# um11/ 
 6-31+G** opt=(TS,calcfc,noeigen,maxcyc=200) scf=maxcyc=200 freq=norama 
 n # guess=read geom=allcheck int=ultrafine\\TS for second O-O single s 
 cission: dimerEt\\0,1\H,-1.51497156,-0.6699235231,1.1529061016\C,-2.16 
 85704032,-0.8029725244,0.261600799\O,-1.2654938844,-1.0729950619,-0.73 
 81689705\O,0.384066435,1.4882541667,-0.6551214719\O,0.2898916979,1.249 
 9084361,0.5221789265\O,0.958884687,-0.3340477096,0.9608500796\C,1.6799 
 350007,-0.758942879,-0.1471014895\H,1.1335748767,-0.4631739853,-1.0667 
 199861\C,3.116744817,-0.2533919857,-0.1578603906\H,3.6425212698,-0.569 
 0736244,0.7518908816\H,3.6591584003,-0.6372996194,-1.0321865787\H,3.13 
 11228402,0.8445339187,-0.1999001847\C,-3.0125769068,0.4453952494,0.017 
 4017442\H,-3.6591154681,0.6498608978,0.8811422741\H,-2.3669337251,1.31 
 58182865,-0.1549551759\H,-3.649311218,0.3095015188,-0.8660997266\H,-2. 
 7832760505,-1.697656378,0.4769922277\H,1.6032451917,-1.8607091831,-0.1 
 273730598\\Version=ES64L-G09RevD.01\State=1-A\HF=-458.8442162\S2=1.299 
 452\S2-1=0.\S2A=1.880435\RMSD=4.333e-09\RMSF=2.201e-06\Dipole=-0.14030 
 22,-0.0375898,0.0674525\Quadrupole=4.3837794,-1.1764125,-3.207367,-0.7 
 112359,-2.6217839,-0.3987174\PG=C01 [X(C4H10O4)]\\@ 
 
int-2 
 1\1\GINC-R2830\SP\UM11\6-31+G(d,p)\C4H10O4(5)\ROOT\23-Jul-2015\0\\# 6- 
 31+g(d,p) um11 nosymm scf=maxcyc=200\\EtO*--O2--*OEt trimer intm\\0,5\ 
 H,0,1.201398,-0.984083,-0.745728\C,0,1.986949,-0.917453,0.044284\O,0,1 
 .275329,-0.536729,1.15303\O,0,-0.391616,1.923107,0.476917\O,0,-0.03728 
 4,1.533338,-0.598109\O,0,-1.095857,-0.900207,-1.041499\C,0,-1.751906,- 
 0.918878,0.16618\H,0,-1.041471,-0.552045,0.938888\C,0,-3.07552,-0.1649 
 57,0.175373\H,0,-3.766108,-0.594036,-0.561598\H,0,-3.544684,-0.211407, 
 1.16722\H,0,-2.912442,0.889989,-0.081362\C,0,3.088547,0.057061,-0.3609 
 53\H,0,3.572449,-0.270892,-1.290534\H,0,2.66953,1.059213,-0.516516\H,0 
 ,3.853156,0.119486,0.424014\H,0,2.352893,-1.955935,0.164114\H,0,-1.877 
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 719,-1.990994,0.429491\\Version=ES64L-G09RevD.01\HF=-458.8556441\S2=6. 
 011524\S2-1=0.\S2A=6.000051\RMSD=5.780e-09\Dipole=-0.0271128,-0.270620 
 8,0.0187057\Quadrupole=4.0195896,0.392171,-4.4117606,-0.1278641,-2.953 
 7032,-0.7295823\PG=C01 [X(C4H10O4)]\\@ 
 
TS1b 
 1\1\GINC-R193\FTS\RM11\6-31+G(d,p)\C4H10O4\ROOT\28-Aug-2015\0\\# freq 
 m11/6-31+g(d,p) opt=(TS,calcfc,noeigen,maxcyc=200) # int=ultrafine scf 
 =maxcyc=200\\TS for concerted O-O cleavage and H transfer ROOOOR -> R' 
 CHO + HOO* + EtO*\\0,1\H,-2.3638496536,0.5879213536,-1.2225593421\C,-1 
 .9166615517,0.5313930001,-0.2182030378\H,-1.5650076462,-0.502269444,-0 
 .0730650641\C,-2.8740851582,0.9829071103,0.8729268548\H,-3.1953395889, 
 2.0175712931,0.6992277179\H,-2.3883924905,0.9239513398,1.8554592103\H, 
 -3.761003514,0.3358539681,0.8919024829\O,-0.8006643404,1.3907973242,-0 
 .3588142435\H,3.9532546589,-0.6698684093,-0.4827212573\C,3.3199744585, 
 0.1345712586,-0.0849474446\H,3.3962798352,0.1196882439,1.0094492064\H, 
 3.6933754219,1.0937586319,-0.4651389091\C,1.8731554794,-0.1066397149,- 
 0.5036405441\H,1.6049966803,0.0951761451,-1.563010966\H,1.2368127634,0 
 .9014688844,-0.0401019663\O,1.2055879154,-1.0366145967,0.0731295461\O, 
 0.1840158491,1.1307423679,0.825562789\O,0.0376848812,-0.0036187558,1.3 
 339539677\\Version=ES64L-G09RevD.01\State=1-A\HF=-458.8285521\RMSD=4.9 
 97e-09\RMSF=1.211e-06\Dipole=-0.1068921,0.4973917,-0.5053094\Quadrupol 
 e=6.4127485,-5.2153338,-1.1974147,1.5843536,-0.6670211,1.1046843\PG=C0 
 1 [X(C4H10O4)]\\@ 
 
TS1c 
 1\1\GINC-R41\FTS\RM11\6-31+G(d,p)\C4H10O4\ROOT\28-Aug-2015\0\\# m11/6- 
 31+G** opt=(calcfc,ts,noeigen,maxcyc=200) freq=noraman # scf=maxcyc=20 
 0\\Concerted TS ROOOR -> ROOR + O2\\0,1\H,0.9451584527,-2.1080778696,0 
 .06676753\C,1.9390513718,-1.6646289376,0.2020565704\H,2.1899955762,-1. 
 6448167236,1.269650283\H,2.6791651613,-2.2829311128,-0.3209469674\C,1. 
 9455424537,-0.2694400408,-0.3867662931\H,1.6529683418,-0.263205512,-1. 
 4443664704\H,2.8952186907,0.2630921374,-0.2364187745\O,0.9138029528,0. 
 45829584,0.3306681095\O,0.8785445448,1.7469508773,-0.1521142928\O,-0.3 
 034959549,2.16541597,-0.0166774094\O,-0.7967979463,-0.1412250004,-0.79 
 56136957\C,-1.8697295168,-0.0634200969,0.0381160736\H,-2.6093746792,0. 
 6737892418,-0.3465817445\H,-1.5252956928,0.3972846321,1.0016935684\C,- 
 2.4867457502,-1.4311209961,0.3434905532\H,-1.7363472785,-2.0913429002, 
 0.7994845516\H,-2.8453799179,-1.9032225669,-0.5800867612\H,-3.33302580 
 91,-1.3287539418,1.0368991691\\Version=ES64L-G09RevD.01\State=1-A\HF=- 
 458.7750789\RMSD=6.349e-09\RMSF=4.423e-06\Dipole=1.0449291,-0.8256403, 
 0.3320153\Quadrupole=5.3890266,-3.3464006,-2.042626,-0.5534086,-1.5860 
 498,-0.095272\PG=C01 [X(C4H10O4)]\\@ 
 
TS1d 
 1\1\GINC-R209\FTS\RM11\6-31+G(d,p)\C4H10O4\ROOT\28-Aug-2015\0\\# freq 
 m11/6-31+g(d,p) opt=(TS,calcfc,noeigen,maxcyc=200) # int=ultrafine scf 
 =maxcyc=200\\TS for Russell's concerted O-O cleavage and H transfer\\0 
 ,1\O,-0.035173315,0.2497955077,-0.1075020217\O,-0.6854367723,0.5258976 
 129,1.954785221\O,0.3520159233,0.0699439208,2.4719739782\O,1.509396850 
 6,0.8165983904,2.1908395046\C,1.3097062505,1.8304834759,1.2642919445\H 
 ,0.9082741022,1.2208103071,0.2667522516\H,0.4150583935,2.4239406096,1. 
 5164818013\C,-0.1539883144,-0.5747178568,-1.2301115096\H,-0.634679445, 
 -0.0451648138,-2.0725588838\H,0.8492069391,-0.9102774539,-1.5554843361 
 \C,2.6034288101,2.6038836877,1.1376623025\H,3.4323098185,1.9374899508, 
 0.8705954006\H,2.8555829341,3.1246629154,2.0711990077\H,2.4895397404,3 
 .3509570048,0.3431527566\C,-0.9818967435,-1.8080522715,-0.8442414576\H 
 ,-0.490573356,-2.3479458219,-0.0248195469\H,-1.0923907605,-2.482792521 
 2,-1.7041194532\H,-1.9773810555,-1.495512644,-0.5048969594\\Version=ES 
 64L-G09RevD.01\State=1-A\HF=-458.7829203\RMSD=7.153e-09\RMSF=1.185e-06 
 \Dipole=0.6711371,0.5149167,-0.2111265\Quadrupole=-1.3938096,2.2734061 
 ,-0.8795965,2.3121644,0.0740672,1.7378735\PG=C01 [X(C4H10O4)]\\@ 
 
TS1e 
 1\1\GINC-R217\FTS\RM11\6-31+G(d,p)\C4H10O4\ROOT\28-Aug-2015\0\\# freq 
 m11/6-31+g(d,p) opt=(TS,calcfc,noeigen,maxcyc=200) # int=ultrafine scf 
 =maxcyc=200\\TS for concerted O-O cleavage and H transfer ROOOOR -> R' 
 CHO + ROOOH\\0,1\H,0.6457153397,-0.8474295228,0.7997076047\C,0.3401335 
 94,-1.5992577071,1.5377949491\H,1.1001177624,-2.3897525172,1.569037283 
 3\H,0.2922424092,-1.1212343116,2.5243284349\C,-1.0181261299,-2.1779666 
 887,1.1874566358\H,-1.7960117659,-1.4018565045,1.1306684678\H,-1.32991 
 57983,-2.9614012629,1.8954511702\O,-0.8677827991,-2.7736349806,-0.1148 
 385773\O,-2.1164277141,-3.374155669,-0.4521562114\O,-2.2528846192,-4.4 
 798121576,0.2337859433\O,-2.8495236267,-5.1811931622,1.9269566271\C,-2 
 .337504,-6.3169456514,1.537118764\H,-3.0821785564,-7.1018566806,1.2978 
 529984\C,-1.040553111,-6.7696889473,2.2019245237\H,-0.3234799349,-5.93 
 87750953,2.2077629244\H,-0.6003072567,-7.6229860559,1.671134526\H,-1.2 
 395126996,-7.0653327203,3.2405214386\H,-1.9970010933,-5.9747203648,0.3 
 854924976\\Version=ES64L-G09RevD.01\State=1-A\HF=-458.8077803\RMSD=6.5 
A2-14 
 
 
 71e-09\RMSF=4.578e-07\Dipole=0.6212026,-0.3110208,0.4988163\Quadrupole 
 =-3.2704958,6.7314595,-3.4609637,0.9193429,1.9763696,1.646791\PG=C01 [ 
 X(C4H10O4)]\\@ 
 
TS1f 
 1\1\GINC-R1751\FTS\UM11\6-31+G(d,p)\C4H10O4\ROOT\28-Aug-2015\0\\# um11 
 /6-31+G** opt=(TS,calcfc,noeigen,maxcyc=200) scf=maxcyc=200 # int=ultr 
 afine guess=mix freq=noraman nosymm\\TS for ROO* H abstraction from RO 
 O*\\0,1\H,2.5876583642,0.9363111187,-0.8652608539\C,1.8717871706,0.273 
 8398009,-0.357217969\H,1.3892951344,-0.3777131202,-1.1024909576\O,0.85 
 0832151,1.09514173,0.2399925117\O,0.0545031843,1.6160871966,-0.7289837 
 806\H,-0.8947870221,0.8122658988,-0.7397179712\C,-1.7034049496,-0.1238 
 483049,-0.3329283868\H,-2.1950132279,-0.4910940676,-1.241242621\O,-0.8 
 374335476,-1.0701828527,0.1782321981\O,-0.3354198665,-1.8839031642,-0. 
 7036326229\C,-2.5089246514,0.5146533628,0.7644693376\H,-3.0813827749,1 
 .3558125235,0.3569185271\H,-3.2065827077,-0.2034658186,1.2174304922\H, 
 -1.832946356,0.896644082,1.5407738372\C,2.498822229,-0.5281592218,0.76 
 47511928\H,1.7484292445,-1.1891412261,1.217081171\H,3.3143438979,-1.14 
 58261146,0.3680574227\H,2.907139728,0.1339791773,1.5387974723\\Version 
 =ES64L-G09RevD.01\HF=-458.8433367\S2=0.737441\S2-1=0.\S2A=0.037984\RMS 
 D=6.215e-09\RMSF=2.423e-06\Dipole=-0.4930083,0.0232038,0.1008113\Quadr 
 upole=8.0651314,-6.8602437,-1.2048876,-1.1004772,-0.2228871,-0.2299015 
 \PG=C01 [X(C4H10O4)]\\@ 
 
TS1g 
 1\1\GINC-R37\FTS\UM11\6-31+G(d,p)\C4H10O4\ROOT\16-Jan-2016\0\\# um11/6 
 -31+G** opt=(calcfc,ts,noeigen,maxcyc=200) freq int=ultrafine scf=maxc 
 yc=200 guess=read geom=allcheck\\EtOO* + EtOO* -> EtOOEt + 1O2\\0,1\C, 
 -1.0962774595,-0.3430985285,-0.191556439\C,-1.083533563,-1.5822002046, 
 0.6539471051\H,-1.8801446783,-1.5372658161,1.4098385398\H,-0.119912784 
 7,-1.6726619422,1.170134258\H,-1.2335045309,-2.4741388497,0.0360932502 
 \O,-2.8126109474,0.3610677138,0.4231675819\O,-3.1083692192,1.434832100 
 8,-0.1160172764\H,-0.655946396,0.5831280442,0.1715761474\H,-1.50361186 
 28,-0.3411465451,-1.1989144665\O,0.6405716961,-0.6974112548,-1.0968047 
 311\O,1.6206411622,-0.5888062602,-0.1876102346\C,2.2286270985,0.712847 
 6707,-0.2690192315\H,1.4538024195,1.4644411032,-0.0454437901\H,2.57168 
 71682,0.8589900358,-1.3026811093\C,3.363706585,0.7424142977,0.73479734 
 49\H,4.105623637,-0.0308785983,0.5007652793\H,2.9890548154,0.571457436 
 6,1.7516546832\H,3.8593468598,1.7208585966,0.7068620888\\Version=ES64L 
 -G09RevD.01\State=1-A\HF=-458.803962\S2=1.107353\S2-1=0.\S2A=0.785588\ 
 RMSD=8.067e-09\RMSF=1.808e-06\Dipole=1.0763414,0.1812552,0.3134706\Qua 
 drupole=-0.6790025,0.1989615,0.480041,6.3252431,1.0591637,-0.4817154\P 
 G=C01 [X(C4H10O4)]\\@ 
 
EtOH 
 1\1\GINC-CA012\FOpt\RM11\6-31+G(d,p)\C2H6O1\ROOT\04-Sep-2015\0\\# m11/ 
 6-31+G** int=ultrafine freq=noraman opt=maxcyc=200 scf=maxcyc=200\\Eth 
 anol\\0,1\C,-2.3600503965,0.0401545124,0.0174087217\H,-2.0107922827,-1 
 .0006114469,-0.0136207398\H,-2.0054936805,0.559366255,-0.8822008866\H, 
 -3.4575236542,0.0455909999,0.0068427887\C,-1.8477158335,0.7433969206,1 
 .2605801433\H,-0.743908675,0.7386517723,1.2742222359\H,-2.2021983947,0 
 .2226616162,2.1670986059\O,-2.3382660816,2.0808622962,1.2323058864\H,- 
 2.0324047925,2.5603713528,2.0089602473\\Version=AS64L-G09RevD.01\State 
 =1-A'\HF=-154.9657945\RMSD=2.245e-09\RMSF=8.080e-05\Dipole=0.4232014,- 
 0.3100647,0.5120081\Quadrupole=-0.7483599,-0.391188,1.1395479,0.996277 
 7,0.4843126,1.8012263\PG=CS [SG(C2H2O1),X(H4)]\\@ 
 
aldehyde 
 1\1\GINC-R1983\FOpt\RM11\6-31+G(d,p)\C2H4O1\ROOT\09-Jul-2014\0\\# m11/ 
 6-31+G** opt freq=noraman\\Acetaldehyde\\0,1\C,-2.3527369222,0.0191123 
 064,0.0171933131\H,-2.0058861727,-1.0195231036,-0.0165850337\H,-2.0060 
 655968,0.5539146911,-0.8769705985\H,-3.4504932805,0.0427820943,0.00742 
 91437\C,-1.8569478725,0.7443985292,1.2461073794\O,-2.1222913095,1.9010 
 288246,1.4810248986\H,-1.2186464458,0.1679682681,1.9556224674\\Version 
 =ES64L-G09RevD.01\State=1-A\HF=-153.753906\RMSD=3.004e-09\RMSF=2.694e- 
 05\Dipole=0.1348858,-1.1052252,-0.4182938\Quadrupole=0.9868641,-1.5311 
 037,0.5442396,0.0932921,0.2350672,-1.2384991\PG=C01 [X(C2H4O1)]\\@ 
 
EtOOEt 
 1\1\GINC-CA012\FOpt\RM11\6-31+G(d,p)\C4H10O2\ROOT\04-Sep-2015\0\\# m11 
 /6-31+G** int=ultrafine freq=noraman opt=maxcyc=200 scf=maxcyc=200\\Et 
 OOEt\\0,1\C,-2.7331047584,-0.5384614132,0.0342937689\H,-2.3767314672,- 
 1.5762333069,0.0173472631\H,-2.3744747888,-0.0316779904,-0.8709108137\ 
 H,-3.8303485024,-0.5460224918,0.018212406\C,-2.2208767293,0.1832512314 
 ,1.2678484258\H,-1.1196824685,0.188986703,1.3117100155\H,-2.5802592958 
 ,1.2241301138,1.3125793189\O,-2.7239071456,-0.5274637662,2.3921571808\ 
 O,-2.2267165341,0.1731060876,3.5359896308\C,-2.7297490469,-0.537607424 
 1,4.660298387\H,-2.3703683177,-1.5784869771,4.6155682832\H,-3.83094328 
A2-15 
 
 
 43,-0.5433409396,4.6164360091\C,-2.217520577,0.1841049081,5.8938530436 
 \H,-2.5738919819,1.2218774639,5.910798782\H,-2.5761521084,-0.322677407 
 8,6.7990576272\H,-1.1202768322,0.1916639871,5.9099351728\\Version=AS64 
 L-G09RevD.01\State=1-A\HF=-308.6449007\RMSD=1.714e-09\RMSF=1.426e-04\D 
 ipole=-0.000001,0.0000007,0.\Quadrupole=-1.8373823,-2.1166643,3.954046 
 6,-0.3998323,-0.8444099,-1.1960726\PG=C02 [X(C4H10O2)]\\@ 
 
EtOOOH 
 1\1\GINC-CA012\FOpt\RM11\6-31+G(d,p)\C2H6O3\ROOT\04-Sep-2015\0\\# m11/ 
 6-31+G** int=ultrafine freq=noraman opt=maxcyc=200 scf=maxcyc=200\\Eth 
 yltrioxide\\0,1\C,-3.0032352379,-0.1527775097,0.0123803419\H,-2.651635 
 9001,-1.1917895116,-0.0138161106\H,-2.6448687075,0.3619805516,-0.88734 
 57953\H,-4.0999706413,-0.1528803718,0.0033808995\C,-2.4810287336,0.533 
 3340243,1.2620516933\H,-1.3798957984,0.5625677611,1.2821179795\H,-2.84 
 55727341,0.0439658325,2.1793179718\O,-2.9827879725,1.8679954857,1.2138 
 364924\O,-2.4753830873,2.4751690319,2.3936980533\O,-3.008258937,3.7870 
 512154,2.2814996853\H,-2.6499126505,4.1791516405,3.0936251889\\Version 
 =AS64L-G09RevD.01\State=1-A\HF=-305.1758145\RMSD=8.236e-09\RMSF=4.665e 
 -05\Dipole=0.4278852,-0.5124362,0.4028631\Quadrupole=-2.6177414,1.9261 
 485,0.6915929,1.0420699,0.4577334,4.2779886\PG=C01 [X(C2H6O3)]\\@ 
 
criegee 
 1\1\GINC-R927\FOpt\RM11\6-31+G(d,p)\C2H4O2\ROOT\07-Sep-2015\0\\# m11/6 
 -31+G** opt freq int=ultrafine\\Criegee intm\\0,1\C,-0.9232989348,0.08 
 02490449,0.0710909704\H,-0.7395601733,0.7680324422,-0.7621794032\C,-0. 
 7387877484,-1.3911174352,0.014862439\H,-0.9902974572,-1.8439928135,0.9 
 793396966\H,-1.3771007553,-1.8176694549,-0.7714928562\H,0.3028379433,- 
 1.6271739783,-0.2439815239\O,-1.3168264221,0.6040403254,1.1348775191\O 
 ,-1.4794244523,1.9448672594,1.1683018581\\Version=ES64L-G09RevD.01\Sta 
 te=1-A\HF=-228.8070731\RMSD=9.701e-09\RMSF=1.691e-05\Dipole=0.5922946, 
 -1.9403707,-1.1850726\Quadrupole=0.9215911,-2.0907432,1.1691521,0.8279 
 531,0.1350363,-1.4988255\PG=C01 [X(C2H4O2)]\\@ 
 
EtOOH 
 1\1\GINC-CA012\FOpt\RM11\6-31+G(d,p)\C2H6O2\ROOT\04-Sep-2015\0\\# m11/ 
 6-31+G** int=ultrafine freq=noraman opt=maxcyc=200 scf=maxcyc=200\\Eth 
 ylperoxide\\0,1\C,-3.0022846619,-0.1591323915,0.0102558197\H,-2.645594 
 0886,-1.1969320124,-0.0069287802\H,-2.6443837483,0.3472446549,-0.89507 
 52112\H,-4.0994854705,-0.1676214125,-0.0043517178\C,-2.4881611473,0.54 
 11083061,1.2548981568\H,-1.3869973329,0.5768940158,1.2823992683\H,-2.8 
 497372903,0.0593245749,2.1777989113\O,-2.9892107192,1.8708336506,1.204 
 9985922\O,-2.487294462,2.500431447,2.3888631885\H,-2.862348939,3.38676 
 06771,2.2885064225\\Version=AS64L-G09RevD.01\State=1-A\HF=-230.0728593 
 \RMSD=9.521e-09\RMSF=1.471e-04\Dipole=-0.057421,-0.1235994,-0.1652393\ 
 Quadrupole=-1.515246,3.3750098,-1.8597638,-0.8922767,-0.7550575,1.2844 
 599\PG=C01 [X(C2H6O2)]\\@ 
 
===n-Butyl=== 
 
nBuOH 
 1\1\GINC-R233\FOpt\UM11\6-31+G(d,p)\C4H10O1\ROOT\10-Jan-2016\0\\# um11 
 /6-31+g(d,p) opt=maxcyc=200 scf=maxcyc=200 freq=noraman int=ultrafine\ 
 \ROH R = n-butyl\\0,1\H,-1.6312030428,0.7879105911,0.893540971\C,-1.46 
 07286717,0.1603929607,0.\C,-0.0313543937,-0.3560455056,0.\H,0.10837907 
 86,-0.9982335642,0.8834169086\H,0.1083790786,-0.9982335642,-0.88341690 
 86\C,0.998615618,0.7756684626,0.\H,0.8392657466,1.4170976636,-0.881963 
 668\H,0.8392657466,1.4170976636,0.881963668\C,2.4353117859,0.250503029 
 4,0.\H,3.1667839034,1.069530458,0.\H,2.6245541611,-0.3710642882,0.8869 
 531147\H,2.6245541611,-0.3710642882,-0.8869531147\H,-1.6312030428,0.78 
 79105911,-0.893540971\O,-2.3377216839,-0.9606171455,0.\H,-3.2533422156 
 ,-0.6638836336,0.\\Version=ES64L-G09RevD.01\State=1-A'\HF=-233.5416819 
 \S2=0.\S2-1=0.\S2A=0.\RMSD=3.586e-09\RMSF=1.858e-05\Dipole=-0.1526295, 
 0.6932483,0.\Quadrupole=3.1305003,-2.730262,-0.4002384,-2.4299568,0.,0 
 .\PG=CS [SG(C4H2O1),X(H8)]\\@ 
 
aldehyde 
 1\1\GINC-R328\FOpt\RM11\6-31+G(d,p)\C4H8O1\ROOT\17-Dec-2015\0\\# m11/6 
 -31+g(d,p) freq opt=maxcyc=200 scf=maxcyc=300 int=ultrafine\\Butanal ( 
 singlet)\\0,1\O,-0.6950898665,0.2094174114,0.5210707193\C,-1.749396308 
 5,0.7761823168,0.3457464047\C,-3.0279600017,0.0985155468,-0.0780212293 
 \H,-3.7236914051,0.1446594365,0.7777645277\H,-2.8144698174,-0.95873976 
 78,-0.2841816864\H,-1.8184215777,1.8822354121,0.4927882707\C,-3.670152 
 0654,0.7990232832,-1.2842262428\H,-3.8059335556,1.8682176039,-1.056386 
 5943\H,-2.9845020184,0.7462871921,-2.1431719999\C,-5.0160733947,0.1748 
 338624,-1.6551608132\H,-5.4646594459,0.6768414036,-2.522136644\H,-4.89 
 94593508,-0.8891898849,-1.9044405088\H,-5.7256530723,0.2461013738,-0.8 
 184032538\\Version=ES64L-G09RevD.01\State=1-A\HF=-232.3308584\RMSD=7.5 
 19e-09\RMSF=4.624e-06\Dipole=-1.208268,0.3910312,-0.3104446\Quadrupole 
 =-4.4192578,2.4787275,1.9405303,1.3087702,-2.463999,0.8367613\PG=C01 [ 
A2-16 
 
 
 X(C4H8O1)]\\@ 
 
aldehyde* (triplet) 
 1\1\GINC-R512\FOpt\UM11\6-31+G(d,p)\C4H8O1(3)\ROOT\17-Dec-2015\0\\# um 
 11/6-31+g(d,p) freq opt=maxcyc=200 scf=maxcyc=300 int=ultrafine\\Butan 
 al (triplet)\\0,3\O,-0.9146395161,0.1752278678,1.0641950336\C,-1.64417 
 82438,0.7788844347,0.1565524088\C,-2.9778360374,0.109860476,-0.1589753 
 285\H,-3.6118945253,0.0993651539,0.7458454623\H,-2.7876321677,-0.93954 
 31452,-0.4286106119\H,-1.6659741855,1.874054706,0.3030642241\C,-3.6978 
 812567,0.8271432868,-1.3038957243\H,-3.8587308933,1.8811376663,-1.0280 
 774822\H,-3.048848387,0.8292442312,-2.1914143889\C,-5.0374596947,0.164 
 895081,-1.6296159211\H,-5.5493849988,0.6826400177,-2.4512364896\H,-4.8 
 95025878,-0.8830778505,-1.9297097063\H,-5.7059760958,0.1745532642,-0.7 
 568805161\\Version=ES64L-G09RevD.01\State=3-A\HF=-232.2095959\S2=2.004 
 94\S2-1=0.\S2A=2.000013\RMSD=6.649e-09\RMSF=1.803e-05\Dipole=-0.761167 
 6,0.2874852,-0.3147332\Quadrupole=-2.2559394,2.496353,-0.2404136,1.015 
 8809,-1.4003748,1.038386\PG=C01 [X(C4H8O1)]\\@ 
 
nBuOOnBu 
 1\1\GINC-R39\FOpt\RM11\6-31+G(d,p)\C8H18O2\ROOT\07-Jan-2016\0\\# m11/6 
 -31+g(d,p) opt=maxcyc=200 scf=maxcyc=200 freq=noraman int=ultrafine\\n 
 BuOOnBu\\0,1\C,0.2882104421,2.9579778727,-0.0000382393\H,-0.3522711729 
 ,3.0961574725,-0.8846924478\H,-0.352342568,3.0961067834,0.8845723273\C 
 ,0.8361379285,1.5392724657,-0.000052555\H,1.4500261616,1.3454199205,-0 
 .895751835\H,1.4500063863,1.3453934996,0.8956548288\O,-0.2788822432,0. 
 6593517332,-0.0000778252\O,0.2788822417,-0.6593517335,-0.0000857341\C, 
 -0.8361379292,-1.5392724662,-0.0000431796\H,-1.450042789,-1.3454165036 
 ,-0.8957303211\H,-1.4499897601,-1.3453969175,0.895676342\C,-0.28821044 
 28,-2.9579778733,-0.0000444815\H,0.3523603563,-3.0961094947,0.88455278 
 49\H,0.3522533818,-3.0961547627,-0.8847119885\C,1.4117073296,3.9988035 
 673,0.000037298\H,2.0537950292,3.8444705567,-0.8817923681\H,2.05370745 
 1,3.844428445,0.88192205\C,0.8710207863,5.4295784505,0.0000473584\H,0. 
 2479222829,5.6129348454,0.8872217938\H,1.682946369,6.1688308165,0.0001 
 044204\H,0.2480067279,5.6129774818,-0.8871767652\C,-1.4117073284,-3.99 
 88035685,0.0000504996\H,-2.0536893372,-3.8444312415,0.8819488839\H,-2. 
 0538131393,-3.8444677636,-0.8817655322\C,-0.8710207838,-5.4295784505,0 
 .0000450828\H,-1.6829463637,-6.1688308187,0.0001167662\H,-0.2480251165 
 ,-5.6129748161,-0.8871924802\H,-0.24790389,-5.6129375106,0.8872060767\ 
 \Version=ES64L-G09RevD.01\State=1-A\HF=-465.7961474\RMSD=4.911e-09\RMS 
 F=2.661e-05\Dipole=0.,0.,0.0000406\Quadrupole=-1.9216159,3.31268,-1.39 
 10641,3.1457697,0.0000118,-0.0000208\PG=C01 [X(C8H18O2)]\\@ 
 
nBuO∙ 
 1\1\GINC-CA037\FOpt\UM11\6-31+G(d,p)\C4H9O1(2)\ROOT\11-Sep-2015\0\\# u 
 m11/6-31+g(d,p) opt=maxcyc=200 scf=maxcyc=200 freq=noraman int=ultrafi 
 ne\\RO* R = n-butyl\\0,2\H,-2.0181003583,-0.6835087497,1.2570296745\C, 
 -2.3657632063,-0.9518540652,0.2356703344\O,-1.2533156179,-1.3139368185 
 ,-0.4832642314\C,-3.2092369938,0.1610230575,-0.3789334164\H,-2.5757572 
 098,1.0515720319,-0.5135749528\H,-3.5305056673,-0.1529156831,-1.384284 
 7791\C,-4.4272555887,0.5048670712,0.4809919706\H,-5.0451017862,-0.3977 
 57175,0.6187819756\H,-4.0922643907,0.80431959,1.4877489549\C,-5.275703 
 1248,1.620027541,-0.1313166238\H,-6.1459358159,1.8572471871,0.49475322 
 58\H,-4.6857585972,2.5400213929,-0.2514313086\H,-5.6445148307,1.330477 
 564,-1.1257961394\H,-2.9631934698,-1.8758155122,0.3951253137\\Version= 
 AS64L-G09RevD.01\State=2-A"\HF=-232.8661577\S2=0.752851\S2-1=0.\S2A=0. 
 750006\RMSD=4.430e-09\RMSF=1.045e-04\Dipole=-0.7731046,0.2733732,0.469 
 5545\Quadrupole=-2.6217226,1.0239681,1.5977545,2.8306567,1.9630085,-0. 
 73058\PG=CS [SG(C4H1O1),X(H8)]\\@ 
 
nBuOO∙ 
 1\1\GINC-CA116\FOpt\UM11\6-31+G(d,p)\C4H9O2(2)\ROOT\11-Sep-2015\0\\# u 
 m11/6-31+g(d,p) opt=maxcyc=200 scf=maxcyc=200 freq=noraman int=ultrafi 
 ne\\ROO* R = n-butyl\\0,2\H,-1.9977452139,-0.646646918,1.2348620605\C, 
 -2.391463238,-0.9385048158,0.2512959668\O,-1.250335797,-1.2568495664,- 
 0.5866103862\O,-0.3655253026,-0.302346171,-0.5578945263\C,-3.230389573 
 6,0.161921205,-0.3766008763\H,-2.5921742505,1.0471694184,-0.5164621322 
 \H,-3.5632198125,-0.1633276614,-1.374316808\C,-4.4404000048,0.51326505 
 28,0.4939396114\H,-5.0574564175,-0.3862797661,0.6490258577\H,-4.094058 
 605,0.8292071209,1.4907502128\C,-5.2918810168,1.6200383266,-0.13034959 
 16\H,-6.1551584895,1.8679161732,0.5007162462\H,-4.701168476,2.53636379 
 84,-0.2699042113\H,-5.6708695122,1.3144477443,-1.1158992598\H,-2.93910 
 032,-1.886475951,0.3323338462\\Version=AS64L-G09RevD.01\State=2-A\HF=- 
 308.0092353\S2=0.752951\S2-1=0.\S2A=0.750005\RMSD=5.840e-09\RMSF=3.561 
 e-05\Dipole=-1.1799634,0.0294294,0.5035732\Quadrupole=-3.7174892,1.917 
 7154,1.7997738,1.1747575,1.7872287,-0.8970353\PG=C01 [X(C4H9O2)]\\@ 
 
TScomb (nBu)  
 1\1\GINC-R123\FTS\UM11\6-31+G(d,p)\C8H18O4\ROOT\10-Dec-2015\0\\# um11/ 
 6-31+g(d,p) opt=(ts,calcfc,noeigen,maxcyc=200) scf=maxcyc=300 # freq=n 
A2-17 
 
 
 oraman guess=read geom=allcheck nosymm iop(1/8=1) int=ultrafine\\TS fo 
 r ROO-OOR symmetric O-O bond cleavage (R = n-Bu)\\0,1\H,1.696274817,0. 
 9506834805,-0.5312236007\C,2.0048717075,-0.0962204213,-0.67099719\O,0. 
 8959977431,-0.9184787451,-0.2352382758\O,0.5432088923,-0.5870042125,0. 
 9918053941\O,-0.5495023407,0.9112101607,0.7234890883\O,-0.9006373932,0 
 .7973317906,-0.5429200671\C,-2.0090157538,-0.1253472746,-0.6685565979\ 
 H,-1.7007489079,-1.0589941727,-0.174546781\C,3.2769110742,-0.425256105 
 9,0.0923326168\H,3.0885582523,-0.2766582412,1.1658945744\H,3.522603719 
 9,-1.488798529,-0.0534957149\C,-3.2819787042,0.4469470894,-0.067715855 
 3\H,-3.0940976701,0.6806460241,0.9906549413\H,-3.5287806573,1.39330153 
 09,-0.5739131862\C,4.4466856272,0.4517985732,-0.3632949654\H,4.6101125 
 118,0.3168603945,-1.444815025\H,4.1853587345,1.5120374718,-0.218339361 
 4\C,-4.4505156594,-0.5352365976,-0.1904757703\H,-4.6137105806,-0.78439 
 16787,-1.2515470458\H,-4.1878506999,-1.4788076375,0.313585509\C,5.7353 
 841818,0.1301009097,0.3953499333\H,6.5678675455,0.7644338675,0.0636577 
 678\H,5.6019963017,0.2850546395,1.4754268167\H,6.0286620835,-0.9185256 
 609,0.2432570072\C,-5.739889314,0.0282049768,0.4093434001\H,-6.5713873 
 111,-0.6830286045,0.3189115316\H,-5.606654224,0.2583483292,1.475941372 
 3\H,-6.0345481671,0.9582402504,-0.0975813979\H,-2.0951209373,-0.291308 
 6246,-1.7507214218\H,2.0925041281,-0.3151889828,-1.7435716962\\Version 
 =ES64L-G09RevD.01\HF=-616.0160412\S2=0.39613\S2-1=0.\S2A=0.004405\RMSD 
 =9.963e-09\RMSF=3.156e-06\Dipole=0.0008065,-0.1389154,-0.7764745\Quadr 
 upole=7.2791092,-4.5741311,-2.7049781,1.1448094,-0.1946137,0.3318099\P 
 G=C01 [X(C8H18O4)]\\@ 
 
nBuO4nBu 
 1\1\GINC-R2648\FOpt\RM11\6-31+G(d,p)\C8H18O4\ROOT\29-Aug-2015\0\\# m11 
 /6-31+G** opt=maxcyc=200 scf=maxcyc=200 # int=ultrafine freq=noraman\\ 
 RO4R R = n-butyl\\0,1\H,1.9763174323,-0.4753494767,1.3688126546\C,2.43 
 80483583,-0.081888124,0.4492179699\O,1.3958123989,0.3638825816,-0.4302 
 994485\O,0.5235071272,-0.710133293,-0.6631849499\O,-0.3222712691,-0.81 
 86348814,0.4516407937\O,-1.267960507,0.2144979605,0.3681611311\C,-2.28 
 11401957,-0.1739397213,-0.5705118885\H,-1.7977903067,-0.4009748493,-1. 
 5340932316\C,3.3637177691,-1.0967791382,-0.2044127127\H,2.7761402896,- 
 1.9771610385,-0.5056527128\H,3.7829841844,-0.6580041536,-1.1231505225\ 
 C,-3.1311281804,-1.3324211284,-0.0709722321\H,-2.4825551324,-2.2036695 
 481,0.1060716301\H,-3.5752331385,-1.0575736387,0.8983662551\C,4.491997 
 6078,-1.521587144,0.7397479328\H,5.0661783969,-0.6334583537,1.04980345 
 3\H,4.0587647971,-1.9466925211,1.6593157119\C,-4.2319315545,-1.6969982 
 508,-1.0710874273\H,-4.8677155486,-0.8159274124,-1.2557049961\H,-3.774 
 8457533,-1.9572693824,-2.0392513878\C,5.4315323599,-2.5415071795,0.094 
 2051449\H,6.2367251328,-2.8394912731,0.7786129276\H,4.8830146897,-3.44 
 859182,-0.1972890204\H,5.895275612,-2.1276411186,-0.812663959\C,-5.095 
 4451137,-2.8602591229,-0.580315377\H,-5.8814412741,-3.1138302393,-1.30 
 38176776\H,-4.4840414886,-3.7592105868,-0.4168688226\H,-5.5822528393,- 
 2.6114083085,0.3735431403\H,-2.8751359617,0.7435001224,-0.6884696389\H 
 ,2.9676936477,0.8486653295,0.6981898402\\Version=ES64L-G09RevD.01\Stat 
 e=1-A\HF=-616.0343344\RMSD=4.471e-09\RMSF=5.818e-06\Dipole=0.0135084,- 
 0.3878381,-0.0275023\Quadrupole=7.4173507,-4.2394015,-3.1779492,0.1678 
 481,3.3597023,0.0415354\PG=C01 [X(C8H18O4)]\\@ 
 
TS1a (nBu) 
 1\1\GINC-R2666\FTS\UM11\6-31+G(d,p)\C8H18O4\ROOT\29-Aug-2015\0\\# um11 
 /6-31+G** opt=(ts,calcfc,noeigen,maxcyc=200) scf=maxcyc=200 # int=ultr 
 afine freq=noraman guess=mix nosymm\\TS for single RO--O bond cleavage 
  (R = n-butyl)\\0,1\H,-1.7167763377,-1.0172019141,0.8552839289\C,-2.04 
 46847764,-1.0809158782,-0.2008426902\O,-0.9485608961,-1.1711932189,-1. 
 0483966151\O,0.0948681513,0.3976064813,-0.5964078458\O,0.0365060908,0. 
 549234975,0.6588948874\O,0.8643136842,-0.4184895409,1.3818980063\C,1.9 
 970625414,-0.8098301419,0.6032034693\H,1.6575288539,-1.2509086397,-0.3 
 453590118\C,-3.021615975,0.0356307915,-0.5549734375\H,-2.4931794739,0. 
 9992496412,-0.4783229428\H,-3.3236319462,-0.0779828999,-1.6074690479\C 
 ,2.9996509213,0.3175216963,0.3982138175\H,2.5254853671,1.132299243,-0. 
 1703382988\H,3.2819784172,0.7280831484,1.379883574\C,-4.2497341831,0.0 
 392549441,0.357930283\H,-4.7694312326,-0.9296073904,0.278313718\H,-3.9 
 24527216,0.130464132,1.4068802142\C,4.2430875797,-0.1714121807,-0.3504 
 05369\H,4.7110102535,-0.9944842209,0.2136357221\H,3.9406035869,-0.5926 
 430661,-1.3221385399\C,-5.2201165133,1.172313448,0.0199507555\H,-6.097 
 6383757,1.1650317393,0.679990728\H,-4.7288706055,2.1505644098,0.122141 
 4461\H,-5.5765302097,1.0865128583,-1.0166258091\C,5.2620358239,0.94822 
 75369,-0.5681319792\H,6.1493521482,0.5873684815,-1.1045778974\H,4.8231 
 507042,1.7675738555,-1.1551251288\H,5.5954205948,1.3676132753,0.391936 
 9412\H,2.4152736563,-1.6141192018,1.2261263681\H,-2.5261296332,-2.0750 
 943637,-0.3043172465\\Version=ES64L-G09RevD.01\HF=-615.9986343\S2=0.59 
 9913\S2-1=0.\S2A=0.011563\RMSD=3.907e-09\RMSF=1.181e-06\Dipole=0.26255 
 47,-0.1420298,0.2601413\Quadrupole=6.7913688,-1.6907059,-5.1006629,0.1 
 298485,-0.0902582,-0.9542625\PG=C01 [X(C8H18O4)]\\@ 
 
int-1 (nBu) 
A2-18 
 
 
 1\1\GINC-R2462\FOpt\UM11\6-31+G(d,p)\C8H18O4\ROOT\31-Aug-2015\0\\# um1 
 1/6-31+G** opt=(maxcyc=200) scf=(maxcyc=200) # freq=noraman guess=mix 
 nosymm\\ROOO* + RO* caged complex (R = n-Butyl)\\0,1\H,-1.667657,-0.80 
 9825,1.104875\C,-2.024209,-1.222339,0.140277\O,-0.960509,-1.608601,-0. 
 639722\O,0.171161,0.866993,-0.728221\O,0.058006,1.054029,0.502269\O,0. 
 773299,0.060985,1.328752\C,1.818857,-0.57325,0.59235\H,1.410665,-1.008 
 876,-0.33048\C,-3.018936,-0.293041,-0.554183\H,-2.480333,0.610861,-0.8 
 79525\H,-3.394243,-0.785828,-1.464079\C,3.006054,0.346365,0.337503\H,2 
 .690287,1.185809,-0.301137\H,3.340008,0.7741,1.295393\C,-4.178368,0.09 
 144,0.367639\H,-4.703815,-0.819599,0.698489\H,-3.777044,0.565165,1.278 
 086\C,4.157307,-0.405906,-0.336686\H,4.469374,-1.246657,0.303942\H,3.8 
 00292,-0.849546,-1.279545\C,-5.168795,1.039133,-0.311053\H,-5.992571,1 
 .312723,0.361454\H,-4.668424,1.965845,-0.626485\H,-5.604555,0.574995,- 
 1.207412\C,5.356214,0.50223,-0.61471\H,6.178488,-0.049746,-1.088668\H, 
 5.074651,1.327953,-1.283605\H,5.738802,0.943641,0.31675\H,2.082881,-1. 
 401491,1.266782\H,-2.521186,-2.184573,0.403722\\Version=ES64L-G09RevD. 
 01\HF=-616.0035318\S2=0.991131\S2-1=0.\S2A=0.049\RMSD=6.868e-09\RMSF=3 
 .115e-06\Dipole=0.0825206,-0.2074871,0.335339\Quadrupole=6.6896555,-2. 
 3402464,-4.3494092,0.367046,-0.5730417,-1.6044865\PG=C01 [X(C8H18O4)]\ 
 \@ 
 
TS1b (nBu) 
 1\1\GINC-R476\FTS\UM11\6-31+G(d,p)\C8H18O4\ROOT\28-Dec-2015\0\\# um11/ 
 6-31+G** opt=(ts,calcfc,noeigen,maxcyc=200) scf=maxcyc=200 # int=ultra 
 fine freq=noraman guess=read geom=allcheck\\TS for 2nd O-O cleavage (R 
 = n-Bu)\\0,1\H,1.6108368573,0.9308724927,0.988287175\C,2.0404056174,1. 
 3067061969,0.0305349311\O,0.9272109162,1.514577036,-0.7441765854\O,-0. 
 2506069969,-1.2952831958,-0.7752457552\O,0.0644650216,-1.1989027328,0. 
 3835152696\O,-0.7434059387,0.1478800803,1.208906802\C,-1.7381506272,0. 
 5787367761,0.3437015882\H,-1.3619721008,0.5215843356,-0.7006763176\C,3 
 .0300483659,0.2881793236,-0.5366196318\H,2.4886069493,-0.6425725291,-0 
 .7653041798\H,3.4245869573,0.6682544968,-1.4920374402\C,-3.0556096811, 
 -0.1741009284,0.497207733\H,-2.8731416672,-1.2448068297,0.3071936186\H 
 ,-3.3958011972,-0.0918487281,1.5410233663\C,4.183259775,0.0108831323,0 
 .4302159642\H,4.6910050298,0.9576116674,0.6764316412\H,3.7776225919,-0 
 .3780305903,1.3781666292\C,-4.1324321923,0.3477637685,-0.4563967542\H, 
 -4.2953982213,1.421811813,-0.2704656339\H,-3.7712752142,0.2656765893,- 
 1.4941697414\C,5.1958417718,-0.9811885558,-0.1441038606\H,6.0164362286 
 ,-1.1746536602,0.5592665581\H,4.7145391891,-1.9425476989,-0.3738955317 
 \H,5.6341807351,-0.5977296988,-1.0766731299\C,-5.4548471548,-0.4064402 
 132,-0.3086166557\H,-6.2191759654,-0.0224683826,-0.9970676737\H,-5.319 
 855943,-1.4773690801,-0.5178200352\H,-5.8459462397,-0.3147759151,0.714 
 8787554\H,-1.8369967231,1.6635587221,0.5359346295\H,2.5283948563,2.269 
 0483081,0.283545265\\Version=ES64L-G09RevD.01\State=1-A\HF=-615.996535 
 9\S2=1.297267\S2-1=0.\S2A=1.869774\RMSD=7.125e-09\RMSF=6.174e-07\Dipol 
 e=0.1392103,0.0207527,0.0442927\Quadrupole=5.8454196,-1.7809431,-4.064 
 4765,0.1177673,0.9306692,1.1756064\PG=C01 [X(C8H18O4)]\\@ 
 
int-2 (nBu) 
 1\1\GINC-R47\FOpt\UM11\6-31+G(d,p)\C8H18O4\ROOT\10-Dec-2015\0\\# um11/ 
 6-31+G** opt=(maxcyc=200) scf=(maxcyc=200) # freq=noraman guess=read g 
 eom=allcheck nosymm int=ultrafine\\RO* + 3O2 + RO* caged complex (R = 
 n-Butyl)\\0,1\H,1.5004435705,0.8293717816,0.8374158664\C,1.971260073 
 ,1.1597798079,-0.118556647\O,0.8984338418,1.2884204758,-0.9628671631\O 
 ,-0.6600409628,-1.3219377403,-1.2551007387\O,-0.0400384734,-1.42338960 
 25,-0.2371033085\O,-0.809732107,0.584456004,1.4879477201\C,-1.82683878 
 59,0.9179812713,0.6272498728\H,-1.4037136535,1.0043430495,-0.396548729 
 7\C,3.0282664533,0.1540695076,-0.5734201716\H,2.5397674172,-0.81631508 
 49,-0.7507454391\H,3.4420343331,0.4845224992,-1.5392018858\C,-3.040426 
 1903,-0.0066197328,0.6771984454\H,-2.6910385146,-1.0460227739,0.572680 
 0154\H,-3.5135944337,0.0670841938,1.6686691878\C,4.1546421831,0.002958 
 6661,0.4514666739\H,4.6105964458,0.9880306439,0.6425952622\H,3.7311231 
 197,-0.3329991265,1.4116829849\C,-4.0517957839,0.3163222087,-0.4244256 
 125\H,-4.3695096844,1.3682527758,-0.3364481133\H,-3.5566120929,0.22431 
 80859,-1.4050610791\C,5.2310084276,-0.9804817535,-0.0107378671\H,6.032 
 4204309,-1.0823373298,0.7328655248\H,4.8018024117,-1.9778936804,-0.182 
 9809283\H,5.6866348706,-0.6473959496,-0.9543648099\C,-5.2769065534,-0. 
 5978221677,-0.376242931\H,-5.9905908935,-0.360908221,-1.1762802163\H,- 
 4.9825243775,-1.6512644035,-0.4878003474\H,-5.8021501598,-0.4996883164 
 ,0.5846739351\H,-2.1012455633,1.9662352234,0.8803411417\H,2.4070996516 
 ,2.1538906881,0.1079693579\\Version=ES64L-G09RevD.01\HF=-616.0102655\S 
 2=1.995121\S2-1=0.\S2A=4.089958\RMSD=8.837e-09\RMSF=3.873e-06\Dipole=0 
 .0071087,0.0774829,0.0213279\Quadrupole=5.8698314,-0.9668697,-4.902961 
 8,-0.5221629,0.3546037,1.3442531\PG=C01 [X(C8H18O4)]\\@ 
 
int-2* (nBu; triplet)  
 1\1\GINC-R44\FOpt\UM11\6-31+G(d,p)\C8H18O4(3)\ROOT\10-Dec-2015\0\\# um 
 11/6-31+G** opt=(maxcyc=200) scf=(maxcyc=200) # freq=noraman guess=rea 
 d geom=allcheck nosymm int=ultrafine\\RO* + 3O2 + RO* caged complex (R 
A2-19 
 
 
  = n-Butyl)\\0,3\H,1.2181129109,0.7311721064,0.6102790275\C,1.750951 
 9827,1.0973345947,-0.3057593812\O,0.7571852692,1.2111704996,-1.2385208 
 763\O,-0.8397414443,-1.3331819363,-1.3925089605\O,-0.1005164467,-1.510 
 1854164,-0.4683311646\O,-0.6659188078,0.5639959863,1.7015511523\C,-1.6 
 590975585,0.9388683467,0.8391367679\H,-1.1536619147,0.9806781589,-0.16 
 09540574\C,2.8827386051,0.1403522529,-0.6762061148\H,2.4492569649,-0.8 
 407895133,-0.9229966792\H,3.3765116,0.5103279435,-1.5885306096\C,-2.86 
 58712236,0.0035973734,0.788426071\H,-2.5040236437,-1.0325278504,0.7043 
 822856\H,-3.4116104326,0.0700769479,1.7427631824\C,3.9062112824,0.0016 
 006429,0.4529449621\H,4.3068861293,0.9960168219,0.7085301279\H,3.40092 
 2446,-0.370109117,1.3587721354\C,-3.7995621145,0.3391403306,-0.3764088 
 098\H,-4.1196091654,1.3910727721,-0.2998819954\H,-3.2399240221,0.25441 
 65852,-1.3222997985\C,5.0561759249,-0.9354812035,0.0804255239\H,5.7832 
 714155,-1.0280301759,0.8978788175\H,4.6807658446,-1.9422003211,-0.1525 
 85224\H,5.5909873522,-0.5665382987,-0.8066136942\C,-5.0274927411,-0.57 
 14575661,-0.4173196718\H,-5.6863287154,-0.3242558051,-1.2600808627\H,- 
 4.729268712,-1.6247270978,-0.5200970011\H,-5.6145626726,-0.4808481481, 
 0.5079455344\H,-1.9454237784,1.994909776,1.0219900957\H,2.1214106659,2 
 .1005623105,-0.0110607826\\Version=ES64L-G09RevD.01\HF=-616.0109199\S2 
 =2.98483\S2-1=0.\S2A=2.022768\RMSD=6.130e-09\RMSF=6.222e-06\Dipole=0.0 
 001532,0.069853,0.0227667\Quadrupole=5.9301512,-0.4979305,-5.4322207,- 
 0.2484846,-0.2650386,1.3440821\PG=C01 [X(C8H18O4)]\\@ 
 
3[nBuO∙]2 (alkoxyl radical dimer, triplet) 
 1\1\GINC-R91\FOpt\UM11\6-31+G(d,p)\C8H18O2(3)\ROOT\11-Jan-2016\0\\# um 
 11/6-31+g(d,p) opt=maxcyc=200 scf=maxcyc=200 freq=noraman int=ultrafin 
 e iop(1/8=1)\\RO*--*OR dimer caged complex (R = n-Butyl)\\0,3\H,1.7735 
 955548,2.1903584372,0.4008250723\C,1.707319048,1.6684528842,-0.5810036 
 1\O,0.4529933578,1.9756947971,-1.0481975824\O,-0.295198553,1.480359609 
 7,1.721401677\C,-1.5615847987,1.4499501039,1.1909111476\H,-1.580168181 
 7,2.2962390491,0.4669252711\C,1.9840583989,0.1787128578,-0.402466254\H 
 ,1.2301441756,-0.2284044098,0.2882602684\H,1.8523664108,-0.3278530803, 
 -1.37205806\C,-1.9369463783,0.1494208609,0.487038535\H,-1.2043136847,- 
 0.0288208205,-0.3146626579\H,-1.8515392729,-0.6825942627,1.2043347948\ 
 C,3.3917738467,-0.0814810429,0.1381933304\H,4.1365517772,0.3606606447, 
 -0.5438585548\H,3.509944475,0.4353153242,1.1043058415\C,-3.3525697866, 
 0.1994796855,-0.0919046748\H,-4.0736409353,0.4123780083,0.7143866374\H 
 ,-3.4239571267,1.0390745027,-0.8021186836\C,3.678322675,-1.5734652826, 
 0.3148468952\H,4.6895770108,-1.7483523726,0.70537332\H,2.9625423701,-2 
 .0274811863,1.0148310984\H,3.5899874962,-2.1055458769,-0.6433722048\C, 
 -3.7376261194,-1.102964041,-0.7952638477\H,-4.7537827148,-1.0551165877 
 ,-1.208625302\H,-3.0461676175,-1.3183138529,-1.6222818331\H,-3.6968056 
 763,-1.9519122039,-0.0976104281\H,-2.2927078902,1.7365469305,1.9752962 
 471\H,2.4666831392,2.1699503243,-1.2164324432\\Version=ES64L-G09RevD.0 
 1\State=3-A\HF=-465.7400609\S2=2.00579\S2-1=0.\S2A=2.00002\RMSD=3.099e 
 -09\RMSF=2.776e-06\Dipole=-0.0087801,-0.2423174,-0.0451389\Quadrupole= 
 4.9207419,-2.1226293,-2.7981126,0.1670682,-2.2021667,0.2157964\PG=C01 
 [X(C8H18O2)]\\@ 
 
TS-H (nBu) 
 1\1\GINC-R53\FTS\UM11\6-31+G(d,p)\C8H18O2(3)\ROOT\05-Jan-2016\0\\# um1 
 1/6-31+G(d,p) opt=(ts,calcfc,noeigen,maxcyc=200) scf=maxcyc=200 freq=n 
 oraman int=ultrafine\\PES for H abstraction: nBuO*--*OnBu (diradical t 
 riplet)\\0,3\H,0.3755924257,-0.8988669759,0.0720780692\C,1.3592377677, 
 -0.2983228006,0.3906889339\O,1.0680033017,0.7643928751,1.1593891753\O, 
 -0.9320554343,-1.3008090356,-0.2568556536\C,-1.7285630433,-0.297081191 
 5,0.2985671578\H,-1.3639470263,-0.0393054038,1.3136871975\C,-1.8244813 
 298,0.9608066051,-0.5603001793\H,-2.2007707827,0.6840381438,-1.5577538 
 583\H,-0.8090768088,1.3674046192,-0.7025514538\C,2.0931425123,0.100669 
 7358,-0.9076370865\H,1.4770362355,0.8435668543,-1.4355642647\H,3.04642 
 97715,0.5838927293,-0.6451702098\H,1.985751302,-1.0007346727,0.9809275 
 199\H,-2.7287015899,-0.7506643517,0.4443492466\C,-2.7166706358,2.03037 
 69501,0.0722729109\H,-2.3231539732,2.2837827708,1.0698260653\H,-3.7260 
 983888,1.6172079981,0.2319749532\C,-2.8073227387,3.2953687138,-0.78277 
 41827\H,-3.2197485009,3.0683943376,-1.7765273866\H,-3.449200262,4.0549 
 958655,-0.3170697099\H,-1.8120650782,3.7393632552,-0.9291209381\C,2.31 
 22672184,-1.125570005,-1.7963978038\H,2.9254334954,-1.8637702017,-1.25 
 56918858\H,1.3397772706,-1.6022274677,-1.9914151989\C,2.9911556279,-0. 
 7518756589,-3.1150660885\H,3.9711732871,-0.2856497834,-2.9387895349\H, 
 3.1475476331,-1.6360521992,-3.7465150134\H,2.3776267638,-0.038104186,- 
 3.682963261\\Version=ES64L-G09RevD.01\State=3-A\HF=-465.7277101\S2=2.0 
 09662\S2-1=0.\S2A=2.000045\RMSD=3.114e-09\RMSF=9.533e-07\Dipole=0.4612 
 255,0.1350692,-0.2109832\Quadrupole=4.565578,-3.5260857,-1.0394923,-3. 
 4195556,-1.2689675,-1.347456\PG=C01 [X(C8H18O2)]\\@ 
 
===sec-Butyl=== 
 
sBuOH 
A2-20 
 
 
 1\1\GINC-R356\FOpt\UM11\6-31+G(d,p)\C4H10O1\ROOT\10-Jan-2016\0\\# um11 
 /6-31+g(d,p) opt=maxcyc=200 scf=maxcyc=200 freq=noraman int=ultrafine\ 
 \ROH R = sec-butyl\\0,1\C,-0.5149200692,-0.1544269588,0.3917524649\H,- 
 0.3854364406,-0.1470551725,1.4911621663\C,-0.8846102246,1.2496140258,- 
 0.0803814745\H,-0.1358040129,1.9872761707,0.2378223368\H,-0.9594459245 
 ,1.2688203129,-1.1770967541\H,-1.8533200802,1.5624880571,0.3368987088\ 
 C,0.7700120448,-0.6775789132,-0.2437079077\H,0.9036169411,-1.716653028 
 7,0.0897973128\H,0.6192533241,-0.7122278497,-1.3338909667\C,2.00276722 
 65,0.1569935548,0.1060871163\H,2.9179142702,-0.3194335375,-0.268320446 
 9\H,1.9524193131,1.1628193837,-0.3332680304\H,2.1089303682,0.270858894 
 1,1.195472322\O,-1.5361490577,-1.0906494257,0.0419378063\H,-2.38274611 
 85,-0.7905311928,0.3909320061\\Version=ES64L-G09RevD.01\State=1-A\HF=- 
 233.5474852\S2=0.\S2-1=0.\S2A=0.\RMSD=9.334e-09\RMSF=4.574e-06\Dipole= 
 -0.0321792,0.6091336,0.3410544\Quadrupole=2.3310044,-2.3142921,-0.0167 
 122,-1.6898215,-1.5834176,-0.4901306\PG=C01 [X(C4H10O1)]\\@ 
 
ketone 
 1\1\GINC-R3196\FOpt\RM11\6-31+G(d,p)\C4H8O1\ROOT\17-Dec-2015\0\\# m11/ 
 6-31+g(d,p) freq opt=maxcyc=200 scf=maxcyc=200 int=ultrafine\\s-Bu ket 
 one (singlet)\\0,1\O,-0.6970427532,0.0132954407,0.0554959208\C,-1.6779 
 215345,0.7287931845,0.107632897\C,-3.0551212299,0.211337919,-0.2748149 
 59\H,-3.610584112,0.0546656525,0.6647689438\H,-2.9154553912,-0.7708181 
 247,-0.7424101117\C,-1.5763647103,2.1711262713,0.5630066868\H,-0.60659 
 16611,2.3355274447,1.0424899261\H,-1.6622714199,2.8341620006,-0.310452 
 3326\H,-2.3949781799,2.427636461,1.249893391\C,-3.8396511417,1.1656814 
 168,-1.1826177608\H,-4.8027854994,0.7219083931,-1.4637157071\H,-4.0474 
 483985,2.1222293906,-0.6842856335\H,-3.2862779584,1.3770595398,-2.1080 
 512509\\Version=ES64L-G09RevD.01\State=1-A\HF=-232.3430138\RMSD=2.823e 
 -09\RMSF=1.534e-05\Dipole=-1.0963862,0.7577464,0.0101126\Quadrupole=-2 
 .0677957,0.289013,1.7787827,3.047521,-0.2114939,0.540768\PG=C01 [X(C4H 
 8O1)]\\@ 
 
ketone* (triplet) 
 1\1\GINC-R183\FOpt\UM11\6-31+G(d,p)\C4H8O1(3)\ROOT\11-Jan-2016\0\\# um 
 11/6-31+g(d,p) freq opt=maxcyc=200 scf=maxcyc=200 int=ultrafine\\s-Bu 
 ketone (triplet)\\0,3\O,-0.8309336432,-0.0571375255,0.5177390489\C,-1. 
 6376908664,0.8104444624,-0.0654460314\C,-3.0143972854,0.2196641968,-0. 
 3612779276\H,-3.5210587209,0.0021804504,0.5969354182\H,-2.872603658,-0 
 .7422357365,-0.8723581299\C,-1.5524720687,2.1969053412,0.545460236\H,- 
 0.5061351896,2.4877662751,0.6934658013\H,-2.0224308859,2.9191465795,-0 
 .1325310414\H,-2.0675032063,2.2321237999,1.5217603204\C,-3.8693701134, 
 1.1547308721,-1.2170022776\H,-4.8120000538,0.6627667154,-1.4895676744\ 
 H,-4.1211343794,2.077786076,-0.6780589238\H,-3.344763929,1.4284634931, 
 -2.1421788186\\Version=ES64L-G09RevD.01\State=3-A\HF=-232.2176839\S2=2 
 .004741\S2-1=0.\S2A=2.000012\RMSD=2.215e-09\RMSF=8.993e-06\Dipole=-0.6 
 756495,0.4855923,-0.082131\Quadrupole=-0.7096326,0.6847553,0.0248773,2 
 .1451436,0.0800414,1.2369378\PG=C01 [X(C4H8O1)]\\@ 
 
sBuOOsBu 
 1\1\GINC-R41\FOpt\RM11\6-31+G(d,p)\C8H18O2\ROOT\07-Jan-2016\0\\# m11/6 
 -31+g(d,p) opt=maxcyc=200 scf=maxcyc=200 freq=noraman int=ultrafine\\s 
 BuOOsBu\\0,1\C,0.3210811962,2.9072091238,-0.0802202944\H,1.0887995333, 
 3.5155652135,0.421685929\H,-0.6142016101,3.0461396735,0.4849692958\C,0 
 .7375060457,1.4434916519,0.0423021483\H,1.6243549575,1.2506113719,-0.5 
 865073126\O,-0.352908929,0.6994870865,-0.518062381\O,0.0884579202,-0.6 
 481719536,-0.657077046\C,-0.8581963139,-1.4843508715,0.0231883038\H,-0 
 .9501836152,-1.1089134057,1.0590866177\C,-0.228241803,-2.8747274057,0. 
 0241411889\H,-0.9632883948,-3.5733594446,0.4516800923\H,-0.069746246,- 
 3.1794440532,-1.0220997496\C,1.0060012157,1.0199359263,1.4809906609\H, 
 1.2473119035,-0.0498276203,1.5299973243\H,1.8544645711,1.5834399233,1. 
 8930436989\H,0.1208767271,1.2153368533,2.1038850245\C,0.1431070376,3.3 
 600134202,-1.529767299\H,-0.6303755604,2.7637419872,-2.0292565681\H,-0 
 .1465003465,4.4177978513,-1.5815333961\H,1.0785951694,3.2378966487,-2. 
 0946074892\C,-2.2098013022,-1.443347144,-0.677114949\H,-2.9398898168,- 
 2.0603746794,-0.1352172297\H,-2.5842900097,-0.4139243913,-0.7242753191 
 \H,-2.1125443041,-1.8295374951,-1.7014108232\C,1.0854424369,-2.9378875 
 702,0.8041600476\H,1.5004247746,-3.954300391,0.8021000056\H,1.83083949 
 33,-2.2628640996,0.3635547249\H,0.9328987895,-2.6396358461,1.852370914 
 5\\Version=ES64L-G09RevD.01\State=1-A\HF=-465.8108898\RMSD=3.087e-09\R 
 MSF=2.707e-06\Dipole=0.0612175,-0.0373136,0.5369287\Quadrupole=-0.4306 
 026,2.6171029,-2.1865003,2.0897958,-0.1425244,0.0871668\PG=C01 [X(C8H1 
 8O2)]\\@ 
 
SBuO∙ 
 1\1\GINC-CA116\FOpt\UM11\6-31+G(d,p)\C4H9O1(2)\ROOT\11-Sep-2015\0\\# u 
 m11/6-31+g(d,p) opt=maxcyc=200 scf=maxcyc=200 freq=noraman int=ultrafi 
 ne\\RO* R = sec-butyl\\0,2\O,-1.2399299902,0.6548679264,0.5043240277\C 
 ,-2.4129245424,0.3163550469,-0.1356845237\H,-2.040686214,-0.0812347467 
 ,-1.110127599\C,-3.2952855083,1.5376148737,-0.413071274\H,-4.107512059 
A2-21 
 
 
 5,1.2944046693,-1.1101859312\H,-3.7403279488,1.8997744921,0.5246765897 
 \H,-2.6887786323,2.343084305,-0.8440353657\C,-3.1316098013,-0.83417516 
 63,0.5907113761\H,-2.3999402237,-1.6398516866,0.7419969725\H,-3.423263 
 3881,-0.4748114699,1.5896480817\C,-4.3575961578,-1.3511191012,-0.16378 
 00708\H,-4.7741720768,-2.2384765475,0.3298099617\H,-5.1533592689,-0.59 
 55794934,-0.2114301221\H,-4.098930798,-1.6337619116,-1.1953616229\\Ver 
 sion=AS64L-G09RevD.01\State=2-A\HF=-232.8708187\S2=0.752955\S2-1=0.\S2 
 A=0.750006\RMSD=1.183e-09\RMSF=1.036e-05\Dipole=-0.7768931,-0.2757121, 
 -0.4042765\Quadrupole=-2.4757512,1.0840504,1.3917009,-1.2315941,-1.830 
 1948,-0.381845\PG=C01 [X(C4H9O1)]\\@ 
 
SBuOO∙ 
 1\1\GINC-CA037\FOpt\UM11\6-31+G(d,p)\C4H9O2(2)\ROOT\11-Sep-2015\0\\# u 
 m11/6-31+g(d,p) opt=maxcyc=200 scf=maxcyc=200 freq=noraman int=ultrafi 
 ne\\ROO* R = sec-butyl\\0,2\O,-0.3583515348,-0.2247882398,0.6181171238 
 \O,-1.2749997706,0.6974048916,0.595368903\C,-2.4468071216,0.277515062, 
 -0.1769252767\H,-2.0502126235,-0.1083176783,-1.1285516102\C,-3.2642298 
 724,1.539247408,-0.3836365643\H,-4.1085196363,1.3348963618,-1.05364721 
 76\H,-3.6583251592,1.9031945965,0.57519769\H,-2.64952723,2.3284413286, 
 -0.8336681906\C,-3.1632489438,-0.8291616159,0.5895853562\H,-2.43386365 
 12,-1.6280239387,0.782519273\H,-3.4791872861,-0.4288905389,1.565415994 
 5\C,-4.3653456225,-1.381270027,-0.1794572677\H,-4.7978718996,-2.242625 
 2518,0.3446152329\H,-5.1585853133,-0.6295274581,-0.2902610226\H,-4.072 
 2483452,-1.7161388802,-1.1852844237\\Version=AS64L-G09RevD.01\State=2- 
 A\HF=-308.0157915\S2=0.752967\S2-1=0.\S2A=0.750005\RMSD=7.142e-09\RMSF 
 =1.898e-05\Dipole=-1.1943668,-0.0067719,-0.4748962\Quadrupole=-3.09374 
 23,1.6748875,1.4188549,-0.0802618,-1.5984047,-0.7323339\PG=C01 [X(C4H9 
 O2)]\\@ 
 
TScomb (sBu)  
 1\1\GINC-R3175\FTS\UM11\6-31+G(d,p)\C8H18O4\ROOT\09-Dec-2015\0\\# um11 
 /6-31+g(d,p) opt=(ts,calcfc,noeigen,maxcyc=200) scf=maxcyc=300 # freq= 
 noraman guess=read geom=allcheck nosymm iop(1/8=1) int=ultrafine\\TS f 
 or ROO-OOR symmetric O-O bond cleavage (R = iso-Bu)\\0,1\H,-1.72684417 
 62,-0.2682468454,-1.0034946998\C,-1.9955537151,0.2133007935,-0.0499287 
 101\O,-0.8880186457,-0.0881214121,0.8553704023\O,-0.552662539,-1.35820 
 95091,0.7556709223\O,0.5526652939,-1.3581828488,-0.7557194188\O,0.8880 
 152468,-0.0880899695,-0.8553785186\C,1.9955478295,0.2133091621,0.04993 
 13387\H,1.7268395582,-0.2682699039,1.0034818105\C,2.0057855139,1.72416 
 55723,0.1841566497\H,2.8049053082,2.037722365,0.8674949615\H,2.1778958 
 441,2.1967131811,-0.7933209863\H,1.0482192021,2.0731337758,0.590747387 
 9\C,-2.0057992212,1.7241614057,-0.1841061359\H,-2.8049212511,2.0377358 
 421,-0.8674337331\H,-2.1779110747,2.1966771016,0.7933866607\H,-1.04823 
 50897,2.0731474064,-0.5906866564\C,-3.2746860478,-0.3937424272,0.51659 
 34589\H,-3.0741014873,-1.4544857429,0.7232078751\H,-3.4998915365,0.092 
 0931814,1.4789014339\C,3.274683846,-0.3937098337,-0.5166084273\H,3.074 
 1045713,-1.4544475114,-0.7232569227\H,3.4998885002,0.0921575355,-1.478 
 9005651\C,-4.4589105618,-0.260546909,-0.4433284474\H,-5.3375134294,-0. 
 7895364094,-0.0529324416\H,-4.7467685732,0.7888066508,-0.5949667931\H, 
 -4.219499419,-0.6913893368,-1.4263893698\C,4.4589062484,-0.2605393903, 
 0.4433195676\H,5.3375121573,-0.789512557,0.052908256\H,4.7467592577,0. 
 7888106604,0.5949916675\H,4.2194953901,-0.6914140271,1.4263664332\\Ver 
 sion=ES64L-G09RevD.01\HF=-616.0303365\S2=0.375678\S2-1=0.\S2A=0.003879 
 \RMSD=7.665e-09\RMSF=1.691e-06\Dipole=-0.0000031,0.9215532,0.0000155\Q 
 uadrupole=7.147088,-3.3065004,-3.8405876,0.0000101,0.7563738,0.0000052 
 \PG=C01 [X(C8H18O4)]\\@ 
 
sBuO4sBu 
 1\1\GINC-R243\FOpt\RM11\6-31+G(d,p)\C8H18O4\ROOT\29-Aug-2015\0\\# m11/ 
 6-31+G** opt=maxcyc=200 scf=maxcyc=200 # int=ultrafine freq=noraman\\R 
 O4R R=sec-butyl\\0,1\H,2.0297760242,-0.312902657,1.2005335678\C,2.4479 
 980816,0.0990005209,0.2666277446\O,1.3317064138,0.5106691717,-0.556277 
 3923\O,0.4477923753,-0.5662873252,-0.6979889197\O,-0.3333477352,-0.628 
 5901862,0.469670313\O,-1.2800703112,0.4009016701,0.3983348049\C,-2.371 
 5182946,-0.0206812529,-0.4524069656\H,-1.9313843247,-0.3437444218,-1.4 
 108777657\C,-3.1943656432,1.2425753292,-0.6528263934\H,-4.0053050125,1 
 .0571510955,-1.3682025705\H,-3.6343988634,1.5663248899,0.3007516841\H, 
 -2.56304734,2.0504229378,-1.0419981898\C,3.194579529,1.3928140194,0.55 
 25009199\H,4.0166147576,1.2086692918,1.2554352872\H,3.6125616697,1.805 
 1217181,-0.3765024409\H,2.5170963742,2.1338520301,0.9935382515\C,3.283 
 4043579,-0.9548381499,-0.4561526173\H,2.6196176628,-1.7828210492,-0.74 
 15540293\H,3.6683469584,-0.5114083109,-1.3876417705\C,-3.1412658015,-1 
 .168240375,0.1968124263\H,-2.4288181144,-1.9724664879,0.4275945323\H,- 
 3.5499948879,-0.811653353,1.1550758961\C,4.4333849658,-1.4820371212,0. 
 4052684172\H,4.9489922197,-2.3115486251,-0.0951258466\H,5.1812340715,- 
 0.7032747819,0.6080872305\H,4.0639773812,-1.8546493859,1.3722250764\C, 
 -4.2596149191,-1.7042426908,-0.7000928667\H,-4.7239188701,-2.594522882 
 6,-0.2571963597\H,-5.05289046,-0.9595576579,-0.8518906175\H,-3.8706876 
 345,-1.9888154398,-1.6890629663\\Version=ES64L-G09RevD.01\State=1-A\HF 
A2-22 
 
 
 =-616.0464747\RMSD=9.863e-09\RMSF=4.392e-06\Dipole=0.0072846,-0.244470 
 1,-0.0081702\Quadrupole=6.6760426,-3.0351996,-3.640843,0.2104136,2.371 
 8752,0.0908626\PG=C01 [X(C8H18O4)]\\@ 
 
TS1a (sBu) 
 1\1\GINC-R43\FTS\UM11\6-31+G(d,p)\C8H18O4\ROOT\31-Aug-2015\0\\# um11/6 
 -31+g(d,p) opt=(ts,calcfc,noeigen,maxcyc=200) scf=maxcyc=300 # freq=no 
 raman guess=mix nosymm iop(1/8=1)\\TS for single RO--O bond cleavage ( 
 R = iso-butyl)\\0,1\C,-2.0244983762,-0.4446857878,-0.138858103\O,-0.80 
 89586408,-1.0410396134,-0.635793475\O,-0.0737544831,-0.128011292,-1.49 
 99026552\O,-0.1626318973,1.0791863436,-1.1168200464\O,0.9245768512,1.2 
 692060913,0.4904484665\C,2.049883795,0.4806946133,0.2462107268\C,2.756 
 4124263,0.4117200468,1.6131562017\H,3.6064040058,-0.2792697865,1.54932 
 93579\H,3.1233222886,1.4064617708,1.8991444298\H,2.0650771328,0.050426 
 2163,2.3834055021\C,-2.5407733102,-1.4946980052,0.8377103719\H,-3.4131 
 373362,-1.1016124783,1.3741512766\H,-2.8347776476,-2.4086163491,0.3036 
 934081\H,-1.7666647857,-1.7457100146,1.5727971186\C,-2.9871531793,-0.1 
 409770852,-1.286111281\H,-2.490314101,0.5336717959,-1.9977407895\H,-3. 
 194222699,-1.0809567122,-1.8206157262\C,2.9357223817,1.0672600536,-0.8 
 561103469\H,2.3150512188,1.1899019555,-1.755618145\H,3.2467876834,2.07 
 65960567,-0.5451927181\H,1.7306450932,-0.5458493739,-0.0227156394\H,-1 
 .7565879773,0.4735585001,0.4059165011\C,-4.2870983807,0.5021822411,-0. 
 7969142532\H,-4.909777911,0.8164425403,-1.6439793517\H,-4.8822748417,- 
 0.1935278223,-0.1900034477\H,-4.0805376513,1.3937157528,-0.1866858353\ 
 C,4.1508198204,0.1937098637,-1.1736352324\H,4.6858607219,0.5690945499, 
 -2.0554084426\H,4.8664853972,0.1699479329,-0.3401800346\H,3.8459594021 
 ,-0.8421150039,-1.3860028382\\Version=ES64L-G09RevD.01\HF=-616.0088217 
 \S2=0.621733\S2-1=0.\S2A=0.012683\RMSD=8.214e-09\RMSF=3.618e-06\Dipole 
 =-0.2774814,-0.3921716,0.19769\Quadrupole=6.4153226,-4.8971905,-1.5181 
 321,0.6329064,0.7188308,-1.2213802\PG=C01 [X(C8H18O4)]\\@ 
 
int-1 (sBu) 
 1\1\GINC-R1523\FOpt\UM11\6-31+G(d,p)\C8H18O4\ROOT\31-Aug-2015\0\\# um1 
 1/6-31+G** opt=(maxcyc=200) scf=(maxcyc=200) # freq=noraman guess=mix 
 nosymm\\ROOO* + RO* caged complex (R = iso-Butyl)\\0,1\H,-1.5996045071 
 ,-0.8227524648,0.9063610412\C,-1.914544697,-1.233690216,-0.0736191351\ 
 O,-0.8003225448,-1.4924815845,-0.8458798099\O,0.1151645724,1.228152688 
 3,-0.1770479103\O,0.2526136006,1.073639686,1.0607276797\O,0.8144493502 
 ,-0.2286184852,1.4248360299\C,1.85480724,-0.6307701246,0.5083715877\H, 
 1.447467466,-0.5950736542,-0.512194728\C,-2.8901381324,-0.2829272137,- 
 0.7776476711\H,-2.3268837021,0.618996107,-1.0582907191\H,-3.2230328089 
 ,-0.7582649734,-1.7131238646\C,3.0700400663,0.2829441462,0.6533617967\ 
 H,2.7491673399,1.3216366499,0.4829491343\H,3.4318756622,0.2227075174,1 
 .6913082652\C,-4.0834702909,0.0996258241,0.0993822417\H,-4.7451954497, 
 -0.7570343582,0.2884554905\H,-3.7483533864,0.4888208116,1.0724023547\C 
 ,4.18443893,-0.0758661176,-0.3324811732\H,4.621597298,-1.0588638065,-0 
 .1107098033\H,3.8041238893,-0.0997726364,-1.3641682734\H,-4.687236855, 
 0.88107489,-0.3794855953\H,4.9953002112,0.662432963,-0.2926232995\C,2. 
 1005994261,-2.0831464506,0.8947614525\H,2.8389898294,-2.5263895174,0.2 
 150715718\H,2.4774222505,-2.1545237298,1.9243710373\H,1.1652168719,-2. 
 6491583067,0.8069739796\C,-2.5294751842,-2.6305957051,0.189412637\H,-3 
 .3846376045,-2.5191862554,0.8671748804\H,-2.8691665104,-3.0755640581,- 
 0.7547914079\H,-1.7910193306,-3.2923966254,0.6570952104\\Version=ES64L 
 -G09RevD.01\HF=-616.0144233\S2=1.002629\S2-1=0.\S2A=0.050556\RMSD=2.54 
 7e-09\RMSF=6.715e-06\Dipole=0.040061,-0.4041552,0.2048713\Quadrupole=6 
 .0289805,-1.2056745,-4.8233059,1.0428023,-0.063424,-1.3713651\PG=C01 [ 
 X(C8H18O4)]\\@ 
 
TS2 (sBu) 
 1\1\GINC-R200\FTS\UM11\6-31+G(d,p)\C8H18O4\ROOT\09-Sep-2015\0\\# um11/ 
 6-31+G(d,p) opt=(calcfc,ts,noeigen,maxcyc=200) freq=noraman # guess=mi 
 x int=ultrafine scf=maxcyc=200 nosymm\\TS for 2nd O-O bond cleavage (R 
  = sec-butyl)\\0,1\H,1.5600567502,0.9139120051,0.9160406003\C,2.056346 
 5983,1.3313786957,0.0065314527\O,0.985612765,1.4634429531,-0.849190542 
 7\O,-0.2996049539,-1.2743100171,-0.7806079417\O,0.0237263697,-1.184356 
 7128,0.3769085353\O,-0.7320040679,0.1813420195,1.2132023076\C,-1.72535 
 39249,0.6699400708,0.3607807934\H,-1.3464181883,0.6079578986,-0.681444 
 3857\C,3.0517285262,0.2768175535,-0.5105031587\H,2.4772183722,-0.62404 
 50659,-0.7689177187\H,3.4944297966,0.6530209117,-1.4459240245\C,-3.021 
 3934027,-0.134993696,0.4952449876\H,-2.7728788641,-1.198742257,0.35820 
 57567\H,-3.3905853169,-0.0275760798,1.5269385707\C,4.1506137372,-0.056 
 554653,0.4995571793\H,4.8098942303,0.8030722598,0.6811498567\H,3.72002 
 57821,-0.3621700317,1.4646873591\C,-4.0934935821,0.2824796163,-0.51267 
 0455\H,-4.4547120157,1.3024782732,-0.322656138\H,-3.7008532137,0.25054 
 48887,-1.5399040303\C,-1.8670754007,2.1612176193,0.6998453255\H,-2.577 
 858704,2.6323052845,0.0091386875\H,-2.2337781285,2.2861404838,1.727598 
 1391\H,-0.8950024212,2.6577193734,0.5943869392\C,2.6877790734,2.680084 
 1834,0.3632284411\H,3.3898744324,2.5829193017,1.2012844805\H,3.2327765 
 268,3.08419865,-0.501925331\H,1.9036825379,3.3938754997,0.6451304574\H 
A2-23 
 
 
 ,4.7770710282,-0.8815898227,0.1367859923\H,-4.9613179919,-0.3878967761 
 ,-0.4666328655\\Version=ES64L-G09RevD.01\HF=-616.0067408\S2=1.30472\S2 
 -1=0.\S2A=1.905886\RMSD=8.110e-09\RMSF=2.132e-06\Dipole=0.1595045,0.15 
 11007,0.099674\Quadrupole=5.3174276,-1.0189903,-4.2984374,0.1025268,0. 
 4650807,1.4256228\PG=C01 [X(C8H18O4)]\\@ 
 
int-2 (sBu) 
 1\1\GINC-R54\FOpt\UM11\6-31+G(d,p)\C8H18O4\ROOT\09-Dec-2015\0\\# um11/ 
 6-31+G** opt=(maxcyc=200) scf=(maxcyc=200) # freq=noraman guess=read g 
 eom=allcheck nosymm int=ultrafine\\RO* + 3O2 + RO* caged complex (R = 
 sec-Butyl)\\0,1\H,-1.3852447251,-0.0816118914,-0.6756910753\C,-1.87420 
 445,0.4033547954,0.1924790645\O,-0.9614333486,0.5022270428,1.221681257 
 3\O,-0.0206516632,-2.0995905948,0.6934712407\O,0.0573351141,-2.1431627 
 894,-0.5001438264\O,0.9339454609,0.4369566975,-1.217506686\C,1.8503489 
 472,0.4341107623,-0.1867932082\H,1.3758346845,-0.0008560744,0.71521496 
 98\C,-3.1398672889,-0.3497555227,0.6147581102\H,-2.8227587552,-1.31543 
 51609,1.037646419\H,-3.6244577048,0.208400589,1.4305963227\C,3.1340591 
 571,-0.3144408209,-0.5595979567\H,2.8409515241,-1.3165018039,-0.908783 
 0246\H,3.6006803258,0.1947910671,-1.416836154\C,-4.1118741599,-0.58318 
 76003,-0.5430008942\H,-4.5527858956,0.3567922256,-0.9022884914\H,-3.60 
 38045406,-1.0622409939,-1.3932941123\C,4.1161364195,-0.4370310904,0.60 
 67155891\H,4.5343908354,0.5377236832,0.892956498\H,3.6237396502,-0.864 
 4750197,1.4929924405\H,-4.9383780672,-1.2376754192,-0.2377428337\H,4.9 
 578692838,-1.0913618072,0.3460211729\C,2.0794541609,1.9305895033,0.136 
 0279196\H,2.7797765948,2.0101747619,0.9764197576\H,2.4999821755,2.4473 
 491402,-0.7366341838\H,1.1289029948,2.3958436438,0.4220485221\C,-2.140 
 7823532,1.8666995738,-0.2360372789\H,-2.8394143314,1.868226902,-1.0815 
 757252\H,-2.5781514512,2.4327862601,0.5968225088\H,-1.2015195937,2.335 
 4519411,-0.5519363424\\Version=ES64L-G09RevD.01\HF=-616.0205448\S2=1.9 
 88844\S2-1=0.\S2A=4.078779\RMSD=4.561e-09\RMSF=8.815e-06\Dipole=0.0013 
 893,0.1086827,-0.0056518\Quadrupole=5.0479506,0.8975607,-5.9455112,0.1 
 067184,1.6373947,-0.2240834\PG=C01 [X(C8H18O4)]\\@ 
 
int-2* (sBu, triplet) 
 1\1\GINC-R44\FOpt\UM11\6-31+G(d,p)\C8H18O4(3)\ROOT\11-Dec-2015\0\\# um 
 11/6-31+G** opt=(maxcyc=200) scf=(maxcyc=200) # freq=noraman guess=rea 
 d geom=allcheck nosymm int=ultrafine\\RO* + 3O2 + RO* caged complex (R 
  = sec-Butyl; triplet)\\0,3\H,-1.3725752403,-0.1810081463,-0.652572610 
 8\C,-1.8540054229,0.372780444,0.1782425081\O,-0.956917281,0.4998709553 
 ,1.2176141182\O,-0.2178972278,-2.2090579868,0.932888385\O,0.0626885427 
 ,-2.261033296,-0.2296995822\O,0.9367315737,0.5309083667,-1.2359381752\ 
 C,1.8407261458,0.4444581136,-0.1988436545\H,1.3805882233,-0.0932157975 
 ,0.6528068781\C,-3.1569686419,-0.3010762721,0.6223842143\H,-2.88864784 
 42,-1.2502912192,1.1108581224\H,-3.6307949145,0.3273733261,1.392074462 
 5\C,3.1510709814,-0.2185755545,-0.6393120198\H,2.8947207838,-1.1890996 
 449,-1.0905923717\H,3.6017569452,0.3929580655,-1.4359021094\C,-4.11849 
 68764,-0.5669005498,-0.537142127\H,-4.5138095676,0.3656318996,-0.96262 
 5824\H,-3.61710909,-1.1189273072,-1.3461110471\C,4.1319966783,-0.42679 
 79255,0.5156547081\H,4.5149950491,0.5269109653,0.9038024559\H,3.651656 
 8306,-0.9601278898,1.3495264346\H,-4.9765139259,-1.1666060002,-0.20730 
 84543\H,4.9967328827,-1.021552272,0.1945315521\C,2.0254757726,1.909995 
 2302,0.2676890061\H,2.7191880451,1.9245176449,1.1172257908\H,2.4357067 
 446,2.5188919914,-0.5485237566\H,1.061456074,2.318491546,0.5927751024\ 
 C,-2.0573522739,1.8192873385,-0.3362466237\H,-2.7481995436,1.797982905 
 ,-1.1879508591\H,-2.480380952,2.447601614,0.4585406764\H,-1.0977434708 
 ,2.2307614556,-0.6698551995\\Version=ES64L-G09RevD.01\HF=-616.0199948\ 
 S2=3.000984\S2-1=0.\S2A=2.023121\RMSD=3.744e-09\RMSF=4.250e-06\Dipole= 
 0.0166025,0.0479857,-0.0040817\Quadrupole=5.0699636,0.821446,-5.891409 
 6,0.0891094,1.7512467,-0.0284973\PG=C01 [X(C8H18O4)]\\@ 
 
3[tBuO∙]2 (alkoxyl radical dimer, triplet) 
 1\1\GINC-R89\FOpt\UM11\6-31+G(d,p)\C8H18O2(3)\ROOT\11-Jan-2016\0\\# um 
 11/6-31+g(d,p) opt=maxcyc=200 scf=maxcyc=200 freq=noraman int=ultrafin 
 e nosymm\\RO*--*OR dimer caged complex (R = sec-Butyl)\\0,3\H,-1.24705 
 06086,-0.1744417042,-0.449275267\C,-1.8112345486,0.4827236027,0.242912 
 814\O,-0.9999195593,0.8654246378,1.2884439694\O,0.9718095795,0.7998728 
 948,-1.3220253184\C,1.7870512693,0.510324846,-0.2499158418\H,1.2355509 
 008,-0.1109930816,0.4843693739\C,-3.096950117,-0.1948895337,0.73472201 
 87\H,-2.8071066302,-1.0320624336,1.3867897586\H,-3.6468910886,0.521853 
 1849,1.3634013129\C,3.0912019884,-0.1679229652,-0.6896321201\H,2.82471 
 62486,-1.0570869535,-1.2799126485\H,3.6246023387,0.5154136289,-1.36780 
 52123\C,-3.9744141471,-0.7074712209,-0.4085722487\H,-4.3991282406,0.11 
 64786871,-0.9979479271\H,-3.3975448489,-1.347552512,-1.0926606339\C,3. 
 9779172701,-0.5740117013,0.4887845436\H,4.3839943878,0.3009071846,1.01 
 42761735\H,3.4141241646,-1.1730997822,1.2193607858\H,-4.8124652136,-1. 
 3026691447,-0.0238260566\H,4.8291650155,-1.178180098,0.1497030661\C,2. 
 0281351771,1.8843312612,0.425989563\H,2.6167662396,1.7277427202,1.3382 
 114758\H,2.577840209,2.5462629987,-0.2558303876\H,1.0687388067,2.33642 
A2-24 
 
 
 70356,0.7007531852\C,-2.088359045,1.8007910757,-0.5243420168\H,-2.6741 
 194872,1.5677776014,-1.4219648529\H,-2.6537460847,2.4934182606,0.11268 
 20437\H,-1.1412879762,2.2575385107,-0.8320265526\\Version=ES64L-G09Rev 
 D.01\HF=-465.7486864\S2=2.006041\S2-1=0.\S2A=2.000022\RMSD=1.507e-09\R 
 MSF=2.890e-06\Dipole=-0.0014369,-0.2304329,0.0109288\Quadrupole=5.2332 
 708,0.2681685,-5.5014393,0.1228189,1.9206178,-0.1787032\PG=C01 [X(C8H1 
 8O2)]\\@ 
 
TS-H (sBu) 
 1\1\GINC-R48\FTS\UM11\6-31+G(d,p)\C8H18O2(3)\ROOT\05-Jan-2016\0\\# um1 
 1/6-31+G(d,p) opt=(ts,calcfc,noeigen,maxcyc=200) scf=maxcyc=200 freq=n 
 oraman int=ultrafine\\PES for H abstraction: sBuO*--*OsBu (diradical t 
 riplet)\\0,3\H,0.3286201465,-0.7363912634,-0.2359066691\C,1.2931109684 
 ,-0.2041575822,0.214436472\O,0.9411686077,0.8981376399,0.9140451581\O, 
 -0.9785285062,-1.3090953904,-0.3615071715\C,-1.7870200349,-0.361375647 
 ,0.2791762177\H,-1.3334448217,-0.0997410991,1.2586566627\C,-1.93489763 
 06,0.9168366589,-0.5544494088\H,-2.5347569469,0.6853775694,-1.44880404 
 18\H,-0.9324972596,1.2022656126,-0.9099647186\C,2.2302295689,0.1568532 
 724,-0.9582389286\H,2.3406681683,-0.7523464199,-1.5668201608\H,1.71234 
 76026,0.8995439529,-1.5817463098\C,1.8869660816,-1.2220455086,1.208488 
 0812\H,1.1189767099,-1.5285922754,1.9285579911\H,2.2131810501,-2.10321 
 41079,0.6415003083\H,2.7380510378,-0.7857468996,1.7463193221\C,3.58844 
 18127,0.6908264935,-0.5018357393\H,4.1848853671,-0.0908793097,-0.01244 
 26134\H,4.16442981,1.0593116595,-1.360419202\H,3.4600843702,1.52007760 
 05,0.2065297256\C,-3.1295194242,-1.0583288151,0.5491458139\H,-2.975809 
 5679,-1.9617618054,1.1511375517\H,-3.8046205389,-0.3815919262,1.089181 
 4182\H,-3.5985184188,-1.3438239493,-0.402149491\C,-2.5421591325,2.0762 
 589337,0.2355257407\H,-2.5878168618,2.9901672336,-0.3710050008\H,-3.56 
 47117834,1.8525029229,0.5710412368\H,-1.9318213744,2.2935509695,1.1246 
 711552\\Version=ES64L-G09RevD.01\State=3-A\HF=-465.7390295\S2=2.009432 
 \S2-1=0.\S2A=2.000043\RMSD=6.884e-09\RMSF=4.701e-07\Dipole=0.5458192,0 
 .0510773,0.0601102\Quadrupole=4.2800437,-3.4033704,-0.8766732,-2.30794 
 51,-1.6704393,-2.890102\PG=C01 [X(C8H18O2)]\\@ 
 
===tert-Butyl=== 
 
tBuO∙ 
 1\1\GINC-CA037\FOpt\UM11\6-31+G(d,p)\C4H9O1(2)\ROOT\11-Sep-2015\0\\# u 
 m11/6-31+g(d,p) opt=maxcyc=200 scf=maxcyc=200 freq=noraman int=ultrafi 
 ne\\RO* R = tert-butyl\\0,2\C,0.0000000002,-0.0254230468,0.07769654\C, 
 -0.0000000993,1.3803491544,-0.5807609081\H,0.8947850238,1.9413632647,- 
 0.2849322166\H,0.0000000868,1.2470026309,-1.6710335675\H,-0.8947854986 
 ,1.9413629624,-0.2849324965\C,-1.2721296909,-0.7896551961,-0.312963295 
 6\H,-1.3013396376,-0.9618831762,-1.398042168\H,-1.2989519906,-1.764161 
 4364,0.1929370321\H,-2.161068979,-0.2185068046,-0.0159598592\C,1.27212 
 98047,-0.7896550668,-0.3129633713\H,2.161068946,-0.2185064961,-0.01595 
 98332\H,1.2989521712,-1.764161332,0.1929368181\H,1.3013398534,-0.96188 
 26623,-1.3980423\O,0.00000001,0.2637932049,1.4316896257\\Version=AS64L 
 -G09RevD.01\State=2-A\HF=-232.8766948\S2=0.752925\S2-1=0.\S2A=0.750006 
 \RMSD=7.326e-09\RMSF=2.478e-05\Dipole=0.,-0.084354,-0.8916558\Quadrupo 
 le=0.7140784,1.500746,-2.2148243,-0.0000002,-0.0000001,-0.8846799\PG=C 
 01 [X(C4H9O1)]\\@ 
 
tBuOO∙ 
 1\1\GINC-CA116\FOpt\UM11\6-31+G(d,p)\C4H9O2(2)\ROOT\11-Sep-2015\0\\# u 
 m11/6-31+g(d,p) opt=maxcyc=200 scf=maxcyc=200 freq=noraman int=ultrafi 
 ne\\ROO* R = tert-butyl\\0,2\O,0.6716318021,-0.1656402164,0.2137349369 
 \O,1.6425938833,-0.2994630067,-0.6382752364\C,2.97230648,-0.06864538,- 
 0.0262910267\C,3.9298116045,-0.2760884985,-1.1907125627\H,4.9628182807 
 ,-0.1279842454,-0.8493522686\H,3.8356300316,-1.2937436822,-1.591772118 
 8\H,3.7203848124,0.4406778596,-1.9955277065\C,3.163962707,-1.100560395 
 3,1.0776928365\H,4.1590004792,-0.9778656312,1.5261165861\H,2.404691983 
 ,-0.9671742307,1.8580118152\H,3.0846135639,-2.1180941377,0.6722620574\ 
 C,3.0005609526,1.3586090576,0.5052233509\H,3.9895969241,1.5716299326,0 
 .9326201063\H,2.8059858551,2.075206923,-0.3038955221\H,2.2415646884,1. 
 4878646476,1.2865038852\\Version=AS64L-G09RevD.01\State=2-A"\HF=-308.0 
 229091\S2=0.752954\S2-1=0.\S2A=0.750005\RMSD=8.406e-09\RMSF=2.276e-05\ 
 Dipole=1.2360158,0.1193871,0.1600538\Quadrupole=-2.4096797,1.6159749,0 
 .7937048,-0.3725591,-0.4284369,-0.2385753\PG=CS [SG(C2H1O2),X(C2H8)]\\ 
 @ 
 
TScomb (tBu) 
 1\1\GINC-R49\FTS\UM11\6-31+G(d,p)\C8H18O4\ROOT\15-Dec-2015\0\\# um11/6 
 -31+g(d,p) opt=(ts,calcfc,noeigen,maxcyc=200) scf=maxcyc=300 # freq=no 
 raman guess=read geom=allcheck nosymm iop(1/8=1) int=ultrafine\\TS for 
  ROO-OOR symmetric O-O bond cleavage (R = t-Bu)\\0,1\C,-0.1588981703,2 
 .179741094,0.0122827659\O,-0.857432237,0.9210866005,-0.3226496189\O,-0 
 .7178586741,0.5867597682,-1.5873567657\O,0.7177744807,-0.5867471173,-1 
A2-25 
 
 
 .5874508283\O,0.8574260696,-0.9210900291,-0.3227522556\C,0.1589026089, 
 -2.1797395729,0.0122137314\C,0.2766517845,-2.2296336301,1.5291194449\H 
 ,-0.1743530815,-3.1569332236,1.9066961853\H,1.3304797251,-2.2009722309 
 ,1.8374976759\H,-0.2494475427,-1.3742154371,1.9750621144\C,-0.27667236 
 52,2.2296887517,1.5291842532\H,0.1743632508,3.1569830804,1.906737189\H 
 ,-1.3305064182,2.2010794116,1.8375462037\H,0.2493861908,1.3742664052,1 
 .9751665596\C,-0.9215032102,3.3092166596,-0.6724550404\H,-0.4634836066 
 ,4.2761308972,-0.4231549503\H,-0.8888691641,3.1751136552,-1.7617106593 
 \H,-1.9702308735,3.3203074104,-0.346336635\C,0.9215357505,-3.309228129 
 8,-0.6724722086\H,0.4635137296,-4.2761389721,-0.4231624905\H,0.8889334 
 989,-3.1751530237,-1.7617323352\H,1.9702537816,-3.3203057115,-0.346322 
 3525\C,1.2924356741,2.1179337927,-0.4469537998\H,1.3490909086,1.980834 
 972,-1.5332336404\H,1.7842365271,3.0638076461,-0.1802259853\H,1.821220 
 8892,1.2892193716,0.0394286802\C,-1.2924271524,-2.1179781121,-0.447042 
 4009\H,-1.7842367748,-3.0638100811,-0.180181033\H,-1.821205435,-1.2891 
 922588,0.0392240533\H,-1.3490801643,-1.9810319863,-1.533341857\\Versio 
 n=ES64L-G09RevD.01\HF=-616.041898\S2=0.358445\S2-1=0.\S2A=0.003526\RMS 
 D=9.222e-09\RMSF=1.117e-06\Dipole=0.0000193,0.0000157,0.9007243\Quadru 
 pole=-3.0694386,6.9806711,-3.9112325,0.3514974,-0.0000042,0.0000821\PG 
 =C01 [X(C8H18O4)]\\@ 
 
tBuO4tBu 
 1\1\GINC-R89\FOpt\RM11\6-31+G(d,p)\C8H18O2\ROOT\16-Jan-2016\0\\# m11/6 
 -31+g(d,p) int=ultrafine freq opt=maxcyc=200 scf=maxcyc=200\\tBuOOtBu\ 
 \0,1\C,1.7476345794,-0.0268819543,-0.008914061\C,2.1635570714,-1.13710 
 10898,-0.9739105603\H,1.4646985287,-1.9804978104,-0.9144840228\H,2.168 
 4589193,-0.7569994202,-2.0043556742\H,3.1720454668,-1.4949644362,-0.72 
 29469035\C,1.6574555875,-0.5383856861,1.428374459\H,2.6379941816,-0.91 
 16393147,1.7556451927\H,1.3475715738,0.2711214312,2.1041619111\H,0.930 
 2186433,-1.3575090268,1.4974542193\C,2.6844550941,1.1745779674,-0.1103 
 255713\H,2.710595037,1.553604839,-1.1404397172\H,2.3468525198,1.981476 
 4649,0.554148931\H,3.7005167836,0.8786135138,0.1836967272\O,0.48112924 
 23,0.5277163558,-0.4236642647\O,-0.4810380002,-0.5301641306,-0.4205970 
 85\C,-1.7476211375,0.0269002138,-0.0094006013\C,-1.6577197673,0.546893 
 0662,1.4248542775\H,-0.9304035796,1.3663292546,1.4892334802\H,-2.63828 
 53444,0.9222026756,1.7496848966\H,-1.3480812568,-0.2586290316,2.105499 
 725\C,-2.1633403908,1.1313949981,-0.9810313123\H,-1.4646240064,1.97522 
 74902,-0.9263090825\H,-2.1678142755,0.7452502531,-2.0092289099\H,-3.17 
 19716115,1.4905773234,-0.7325361771\C,-2.6844384963,-1.1751252144,-0.1 
 038957115\H,-2.3468489635,-1.978159523,0.5652508675\H,-3.7005074285,-0 
 .8774679474,0.1883869949\H,-2.7105489704,-1.5601132618,-1.1317970274\\ 
 Version=ES64L-G09RevD.01\State=1-A\HF=-465.8214855\RMSD=4.447e-09\RMSF 
 =3.241e-06\Dipole=-0.0000419,0.001064,0.3564264\Quadrupole=3.6196487,- 
 1.8097103,-1.8099383,-0.1431987,0.0009595,-0.000035\PG=C01 [X(C8H18O2) 
 ]\\@ 
 
TS1a (tBu) 
 1\1\GINC-R538\FTS\UM11\6-31+G(d,p)\C8H18O4\ROOT\28-Aug-2015\0\\# um11/ 
 6-31+G** opt=(TS,calcfc,noeigen,maxcyc=200) scf=maxcyc=200 # int=ultra 
 fine freq=noraman guess=mix nosymm\\TS for single RO--O bond cleavage 
 (R = tert-butyl)\\0,1\C,-2.7671959208,0.0039307524,0.0625705947\O,-1.4 
 934831698,-0.5341935111,0.5222923095\O,-0.509132146,-0.339579513,-0.50 
 19938358\O,0.207062408,0.687252002,-0.2263382343\O,1.6778388569,0.0432 
 519455,0.9254711519\C,2.7956629872,-0.0399031064,0.081449126\C,3.87572 
 21373,-0.594947477,1.0376069774\H,4.8205403959,-0.6874942588,0.4844047 
 293\H,4.0224045713,0.0850660656,1.8861087122\H,3.5826447108,-1.5826550 
 978,1.415124337\C,-3.6686792263,-0.274229184,1.2629911973\H,-4.6883165 
 023,0.0676744127,1.0402479864\H,-3.6958648299,-1.3496673162,1.48118522 
 47\H,-3.3009927226,0.2579505034,2.1496438205\C,-3.2293106501,-0.761471 
 9895,-1.1755492308\H,-4.2268957085,-0.4140009396,-1.4777531784\H,-2.54 
 07800757,-0.5995879527,-2.0153682621\H,-3.2797839738,-1.8372105758,-0. 
 9614477859\C,3.1970481353,1.3466303758,-0.4299749074\H,4.1203926573,1. 
 2866788884,-1.0236466352\H,2.3999301511,1.7567560653,-1.0641576069\H,3 
 .3593900449,2.0282196682,0.4154151751\C,-2.6440162673,1.5025984441,-0. 
 2047538092\H,-2.0142589721,1.7024804795,-1.0820382335\H,-3.6413334757, 
 1.920943926,-0.3991396206\H,-2.2055131122,2.0104822377,0.6640344714\C, 
 2.5541960355,-1.022093995,-1.0696066102\H,3.4890561175,-1.2064518756,- 
 1.6177965388\H,2.1755585916,-1.9752366885,-0.6767098811\H,1.8155239529 
 ,-0.6151112856,-1.7728984433\\Version=ES64L-G09RevD.01\HF=-616.01853\S 
 2=0.697062\S2-1=0.\S2A=0.016434\RMSD=4.101e-09\RMSF=5.013e-07\Dipole=- 
 0.4489541,0.0742425,-0.5588039\Quadrupole=8.4735549,-3.8331955,-4.6403 
 594,-1.3137775,-0.4162822,0.0679746\PG=C01 [X(C8H18O4)]\\@ 
 
int-1 (tBu) 
 1\1\GINC-R2522\FOpt\UM11\6-31+G(d,p)\C8H18O4\ROOT\31-Aug-2015\0\\# um1 
 1/6-31+G** opt=(maxcyc=200) scf=(maxcyc=200) # freq=noraman guess=mix 
 nosymm\\ROOO* + RO* caged complex (R = tert-Butyl)\\0,1\C,-3.045696955 
 2,0.1505471965,0.089159753\O,-2.0893332691,0.4613618497,1.0431398844\O 
 ,-0.0202390083,-0.9554668324,0.0878059036\O,0.6365566645,0.0619268857, 
A2-26 
 
 
 -0.2703305307\O,1.681957217,0.3464910494,0.6861489755\C,2.9585470667,- 
 0.0258706195,0.0913143549\C,3.9354176438,0.3283643966,1.2100698512\H,4 
 .9604144827,0.1112606781,0.8806366547\H,3.8621367911,1.3947993059,1.45 
 93603852\H,3.7191421166,-0.2615143391,2.110002412\C,-4.2885250179,0.94 
 11641155,0.5775527523\H,-5.1138744965,0.7499970173,-0.1217441278\H,-4. 
 5806476728,0.6107484147,1.5818225193\H,-4.0751163143,2.017104956,0.597 
 7502087\C,-3.3440060089,-1.3546726788,0.0983999737\H,-4.1547897438,-1. 
 5898253801,-0.6058683244\H,-2.4467206054,-1.9132244818,-0.1988602819\H 
 ,-3.6391558775,-1.6735887442,1.1064057013\C,3.2097917134,0.815558696,- 
 1.1583549753\H,4.2120429318,0.6017189284,-1.5545666626\H,2.4756040795, 
 0.5864523945,-1.9418638687\H,3.1465184606,1.8844926332,-0.9157431941\C 
 ,-2.6207317772,0.6415229818,-1.3006315842\H,-1.7329345682,0.090388408, 
 -1.637908282\H,-3.4275149046,0.4839182603,-2.0306527905\H,-2.376655192 
 3,1.7113222642,-1.2613464005\C,2.9744409846,-1.5230991023,-0.210576528 
 6\H,3.9841187286,-1.8247600856,-0.5214886008\H,2.6906692536,-2.0943654 
 946,0.6830984601\H,2.2787572774,-1.7743876735,-1.0225996379\\Version=E 
 S64L-G09RevD.01\HF=-616.020827\S2=0.992261\S2-1=0.\S2A=0.045424\RMSD=4 
 .547e-09\RMSF=7.203e-06\Dipole=0.5449906,-0.1132354,-0.7834099\Quadrup 
 ole=10.039847,-4.263394,-5.776453,-0.7882763,0.9459766,-0.5310536\PG=C 
 01 [X(C8H18O4)]\\@ 
 
TS2 (tBu) 
 1\1\GINC-R39\FTS\UM11\6-31+G(d,p)\C8H18O4\ROOT\14-Dec-2015\0\\# um11/6 
 -31+G** opt=(TS,calcfc,noeigen,maxcyc=200) scf=maxcyc=200 # int=ultraf 
 ine freq=noraman guess=read geom=allcheck nosymm\\TS for second RO--O 
 bond cleavage (R = tert-butyl)\\0,1\C,-2.5115032022,-0.2725031407,0.01 
 0592102\O,-1.3984183954,-0.7527855622,0.682233243\O,0.2036618822,2.402 
 9816557,-0.2057437026\O,0.4834696615,1.2778595805,0.1286059396\O,2.199 
 9792372,1.0101254549,-0.1488944418\C,2.4102517288,-0.3842109277,0.0151 
 378886\C,3.9273168555,-0.5075569712,-0.2114906032\H,4.2162825539,-1.56 
 27999413,-0.1098208108\H,4.1961470328,-0.1597098172,-1.2171715799\H,4. 
 4761810773,0.0857058694,0.5309018496\C,-3.5512797247,-1.4086077537,0.2 
 128049969\H,-4.480064468,-1.1124551282,-0.2931058157\H,-3.1849712718,- 
 2.3459851398,-0.2232348713\H,-3.7522574776,-1.5575302781,1.2806044659\ 
 C,-2.2117293963,-0.094754671,-1.4841791255\H,-3.1158655065,0.222312318 
 5,-2.0223067176\H,-1.4379029028,0.6715243303,-1.6308242073\H,-1.854424 
 6187,-1.0403844595,-1.9135724991\C,1.6365700625,-1.1735848236,-1.04444 
 40131\H,1.9127251675,-2.2367456109,-1.0023716849\H,0.5555210012,-1.096 
 8826282,-0.8643714342\H,1.8685265671,-0.7857232024,-2.0457761711\C,-3. 
 016896272,1.0239151528,0.6566620629\H,-2.2670522407,1.8190636836,0.551 
 2398705\H,-3.9446818632,1.3576447911,0.1712445426\H,-3.2091248786,0.86 
 15733857,1.7250177953\C,2.0360829013,-0.8249896762,1.4331102232\H,2.32 
 26436382,-1.8746714531,1.5886678015\H,2.5596600187,-0.2017053064,2.170 
 4898361\H,0.9528418331,-0.7408747309,1.5930060604\\Version=ES64L-G09Re 
 vD.01\HF=-616.0138781\S2=1.374221\S2-1=0.\S2A=2.22189\RMSD=6.212e-09\R 
 MSF=1.459e-06\Dipole=-0.730872,-0.7089713,-0.2255081\Quadrupole=5.9321 
 507,-3.8847048,-2.0474459,-2.9461813,1.1871333,1.0157919\PG=C01 [X(C8H 
 18O4)]\\@ 
 
int-2 (tBu) 
 1\1\GINC-R53\FOpt\UM11\6-31+G(d,p)\C8H18O4\ROOT\09-Dec-2015\0\\# um11/ 
 6-31+G** opt=(maxcyc=200) scf=(maxcyc=200) # freq=noraman guess=read g 
 eom=allcheck nosymm int=ultrafine\\RO* + 3O2 + RO* caged complex (R = 
 tert-Butyl)\\0,1\C,-2.5487888788,-0.2648873853,-0.0269345331\O,-1.3841 
 367084,-0.3319154907,0.719949852\O,-0.2099069724,2.2001823708,-0.02879 
 82355\O,0.4745868652,1.9727642394,0.925395721\O,2.8930624597,1.0200242 
 616,0.1685576611\C,2.6266261764,-0.3349520964,0.0413457876\C,4.0203848 
 002,-0.9264876167,-0.3003580516\H,3.9096004686,-2.0123223624,-0.423934 
 019\H,4.4025740432,-0.494518565,-1.2336032096\H,4.7306128919,-0.724611 
 897,0.5107500547\C,-3.2671133083,-1.5948173698,0.3305416345\H,-4.21205 
 13998,-1.63127705,-0.2280888165\H,-2.6464321548,-2.4535062632,0.046997 
 306\H,-3.4796610271,-1.6380788671,1.4055494045\C,-2.2306205506,-0.2242 
 357088,-1.5274468371\H,-3.1569839484,-0.2233058103,-2.1186790638\H,-1. 
 6641593421,0.6860242712,-1.768969412\H,-1.6261979723,-1.0966181954,-1. 
 8101554022\C,1.6408987762,-0.5967728031,-1.1040908613\H,1.5129776276,- 
 1.6774129812,-1.2629590964\H,0.6580758778,-0.1752560621,-0.8549220597\ 
 H,2.008316938,-0.1371664042,-2.0312984004\C,-3.4055472008,0.9295961504 
 ,0.4133635963\H,-2.8843469222,1.8707408209,0.1925046048\H,-4.365896416 
 3,0.9312092028,-0.1209322022\H,-3.5952346822,0.879023575,1.49323198\C, 
 2.1179077507,-0.9128193393,1.3690898737\H,2.0052542247,-2.003488894,1. 
 2900441271\H,2.8252400818,-0.6812069709,2.1761028288\H,1.1366175026,-0 
 .4852507593,1.6149757683\\Version=ES64L-G09RevD.01\HF=-616.0289831\S2= 
 1.999392\S2-1=0.\S2A=4.0984\RMSD=3.660e-09\RMSF=7.383e-06\Dipole=-0.98 
 28954,-0.9042866,-0.4469414\Quadrupole=3.9570415,-1.8892496,-2.0677919 
 ,-3.7814786,0.0150096,0.0428362\PG=C01 [X(C8H18O4)]\\@ 
 
int-2* (tBu, triplet) 
 1\1\GINC-R50\FOpt\UM11\6-31+G(d,p)\C8H18O4(3)\ROOT\09-Dec-2015\0\\# um 
 11/6-31+G** opt=(maxcyc=200) scf=(maxcyc=200) # freq=noraman guess=rea 
A2-27 
 
 
 d geom=allcheck nosymm int=ultrafine\\RO* + 3O2 + RO* caged complex (R 
  = tert-Butyl)\\0,3\C,-2.5440956482,-0.2628818956,-0.0264304865\O,-1.3 
 716808841,-0.351693284,0.7060244072\O,-0.1881110358,2.1807319136,-0.11 
 30543382\O,0.3987662244,1.9076670489,0.8931439471\O,2.8471811844,1.023 
 9385064,0.1872303948\C,2.6184049259,-0.3365853868,0.046360693\C,4.0321 
 012377,-0.8882564853,-0.2800064588\H,3.9524527388,-1.9758845194,-0.411 
 4332312\H,4.4148776767,-0.4404110685,-1.2055164238\H,4.725715632,-0.67 
 2204639,0.5417498036\C,-3.2795428966,-1.5815950495,0.3387233822\H,-4.2 
 323532252,-1.6012054858,-0.2072529098\H,-2.6772685025,-2.4499466269,0. 
 0450617329\H,-3.4778093772,-1.6233287813,1.4164768972\C,-2.2479114081, 
 -0.223588451,-1.5313010099\H,-3.1826851224,-0.2088406048,-2.1089876856 
 \H,-1.6722862051,0.6786935002,-1.7802816142\H,-1.6603576915,-1.1040973 
 883,-1.8242831395\C,1.6556271583,-0.6171373619,-1.1141086116\H,1.56679 
 30867,-1.6993844988,-1.2877502587\H,0.6560340189,-0.2320157209,-0.8724 
 064713\H,2.018819388,-0.134110092,-2.0310470703\C,-3.3748090579,0.9439 
 228041,0.4305289412\H,-2.8421376371,1.8774557912,0.2047841007\H,-4.342 
 451687,0.9624711804,-0.0900590535\H,-3.5495794758,0.892467571,1.512835 
 7317\C,2.1074366894,-0.9367932239,1.3633655501\H,2.0245869293,-2.02946 
 0177,1.2751069747\H,2.7978653594,-0.6928586383,2.1813022816\H,1.112076 
 6045,-0.5364159367,1.5984519246\\Version=ES64L-G09RevD.01\HF=-616.0292 
 96\S2=3.000495\S2-1=0.\S2A=2.022791\RMSD=8.615e-09\RMSF=5.404e-06\Dipo 
 le=-0.9714731,-0.8897303,-0.4386078\Quadrupole=4.2131716,-2.0325714,-2 
 .1806001,-3.7392723,-0.0505321,0.0450699\PG=C01 [X(C8H18O4)]\\@ 
 
===Complexation=== 
 
sec-tetroxide-ether complex 
 
 E(M11/6-311+G**//M11/6-31+G*) = -771.1844763810 
 1\1\GINC-R140\FOpt\RM11\6-31+G(d,p)\C10H24O5\ROOT\16-Feb-2016\0\\# m11 
 /6-31+G** opt=maxcyc=200 scf=maxcyc=200 freq int=ultrafine\\ROOOOR'(H) 
 ---OMe2 complex (R = sec-Bu)\\0,1\H,-1.9662974119,1.8933550227,-1.2354 
 881811\C,-2.3878034051,1.9966507923,-0.2221886186\O,-1.2982039996,2.36 
 99901037,0.6579802158\O,-0.2295199856,1.4916227272,0.4478882486\O,0.44 
 72770835,1.9293760153,-0.703248207\O,1.2496197245,3.0167541697,-0.3277 
 021069\C,2.4710114518,2.5085622194,0.2537343336\H,2.1831137957,1.78301 
 27547,1.0336174253\C,3.1241758215,3.727274194,0.8869570575\H,4.0326327 
 976,3.4338988777,1.4278471075\H,3.3970094359,4.4581984304,0.1129958673 
 \H,2.4344506031,4.2039819569,1.5936393529\C,-3.343087393,3.177652227,- 
 0.1497958822\H,-4.1939790459,3.0165969581,-0.8237256585\H,-3.726119545 
 6,3.2959612514,0.8735279471\H,-2.8333224555,4.1032263051,-0.4436876308 
 \C,-2.9990215354,0.6707054418,0.2185341896\H,-2.1799841235,-0.05212407 
 1,0.3331914778\H,-3.4669284365,0.8076999158,1.2064325986\C,3.325978643 
 8,1.8325318313,-0.816604554\H,2.7050762277,1.0828770545,-1.3291349285\ 
 H,3.6025416219,2.5889162577,-1.5675171025\C,-4.0064253105,0.1348132413 
 ,-0.7998561662\H,-4.3875678526,-0.8484101778,-0.494487723\H,-4.8720644 
 11,0.8027809471,-0.9132863428\H,-3.5222480413,0.0155074241,-1.77964315 
 03\C,4.5749189396,1.1641243447,-0.237782189\H,5.1172921092,0.607781287 
 ,-1.0128507866\H,5.2707950555,1.900328625,0.1870924867\H,4.3091720468, 
 0.4535863799,0.558920276\O,-0.8896542061,-0.3278942916,-1.930631621\C, 
 -0.3641496197,0.1694152963,-3.141824182\H,0.5561389703,0.7522192119,-2 
 .9598623136\H,-1.1215635548,0.8257687348,-3.588500542\H,-0.1388451086, 
 -0.6540559069,-3.8434641088\C,0.0354834188,-1.1453043678,-1.2487032273 
 \H,0.9576906912,-0.5828644138,-1.0161517975\H,0.2957932794,-2.03451082 
 13,-1.8508967557\H,-0.4303862758,-1.4670059484,-0.3093248082\\Version= 
 ES64L-G09RevD.01\State=1-A\HF=-771.0040293\RMSD=4.608e-09\RMSF=5.859e- 
 06\Dipole=0.6626081,-0.422175,-0.3488615\Quadrupole=4.290292,-2.650800 
 9,-1.6394911,-0.9339771,1.1528536,0.0433351\PG=C01 [X(C10H24O5)]\\@ 
 
tert-tetroxide-ether complex 
  
 E(M11/6-311+G**//M11/6-31+G*) = -771.1940559920 
 1\1\GINC-R89\FOpt\RM11\6-31+G(d,p)\C10H24O5\ROOT\16-Feb-2016\0\\# m11/ 
 6-31+G** opt=maxcyc=200 scf=maxcyc=200 freq int=ultrafine\\ROOOOR'(H)- 
 --OMe2 complex (R = tert-Bu)\\0,1\C,0.0361927149,3.6612406371,0.855141 
 8866\O,0.444354072,2.3534322163,1.3503426617\O,-0.485351851,1.38359092 
 69,0.9559294572\O,0.0132960083,0.7728631833,-0.2121292272\O,0.94978420 
 81,-0.1835973371,0.1931146098\C,0.3299673438,-1.5055731851,0.238052243 
 5\C,1.4581370885,-2.3577291807,0.8120135037\H,1.133480073,-3.405283147 
 3,0.86947048\H,2.3470119972,-2.2999114675,0.1698068386\H,1.726769459,- 
 2.0124791267,1.8188598224\C,1.1670468159,4.5557201333,1.3545927795\H,0 
 .9631659217,5.5981755035,1.0755544982\H,1.2503198823,4.4925826181,2.44 
 74630429\H,2.1226210776,4.2491061892,0.9098480051\C,-1.3021572113,4.04 
 08955982,1.4848460947\H,-1.592742171,5.0525684672,1.1693777989\H,-2.08 
 84441542,3.3415401584,1.1700530652\H,-1.2283656102,4.0192403064,2.5802 
 661035\C,-0.0400492271,-1.9322973291,-1.1795705762\H,-0.3944759353,-2. 
 9727446116,-1.1750489173\H,-0.8507292405,-1.3015294515,-1.5666102978\H 
 ,0.8364712779,-1.8612061852,-1.8380708437\C,-0.0415112823,3.659077401, 
 
A2-28 
 
 
  
A2-29 
 
 
Appendix S6. References 
1.  Raley, J. H.; Porter, L. M.; Rust, F. F.; Vaughan, W. E., J. Am. Chem. Soc. 1951, 73, 15‐17. 
2.  Russell, G. A., J. Am. Chem. Soc. 1957, 79, 3871‐3877. 
3.  (a) Weaver, J.; Meagher, J.; Shortridge, R.; Heicklen, J., J. Photochem. 1975, 4, 341‐360; 
(b) Niki, H.; Maker, P. D.; Savage, C. M.; Breitenbach, L. P., J. Phys. Chem. 1981, 85, 877–881; 
(c) Kan, C. S.; Calvert, J. G.; Shaw, J. H., J. Phys. Chem. 1980, 84, 3411‐3417. 
4.  (a) Niki, H.; Maker, P. D.; Savage, C. M.; Breitenbach, L. P., J. Phys. Chem. 1982, 86, 
3825‐3829; (b) Noell, A. C.; Alconcel, L. S.; Robichaud, D. J.; Okumura, M.; Sander, S. P., J. Phys. 
Chem. 2010, 114, 6983‐6995; (c) Wallington, T. J.; Gierczak, C. A.; Ball, J. C.; Japar, S. M., Int. J. 
Chem. Kinet. 1989, 21, 1077–1089; (d) Atkinson, D. B.; Hudgens, J. W., J. Phys. Chem. A 1997, 
101, 3901‐3909. 
5.  (a) Henon, E.; Bohr, F.; Chakir, A.; Brion, J., Chem. Phys. Lett. 1997, 264, 557‐564; (b) 
Feria, L.; Gonzalez, C.; Castro, M., Int. J. Chem. Kinet. 2004, 96, 380–393. 
6.  Ghigo, G.; Maranzana, A.; Tonachini, G., J. Chem. Phys. 2003, 118, 10575‐10583. 
7.  Liang, Y.‐N.; Li, J.; Wang, Q.‐D.; Wang, F.; Li, X.‐Y., J. Phys. Chem. A 2011, 115, 13534–
13541. 
8.  Zhang, P.; Wang, W.; Zhang, T.; Chen, L.; Du, Y.; Li, C.; Lü, J., J. Phys. Chem. A 2012, 116, 
4610−4620. 
9.  Feria, L.; Gonzalez, C.; Castro, M., Int. J. Quantum Chem. 2004, 99, 605–615. 
10.  Bennett, J. E.; Brown, D. M.; Mile, B., Chem. Commun. 1969, 504‐505. 
11.  Adamic, K.; Howard, J. A.; Ingold, K. U., Chem. Commun. 1969, 505‐506. 
12.  Nangia, P. S.; Benson, S. W., Int. J. Chem. Kinet. 1980, 12, 29‐42. 
13.  Johnson, E. R.; Keinan, S.; Mori‐Sanchez, P.; Contreras‐Garcia, J.; Cohen, A. J.; Yang, W., 
J. Am. Chem. Soc. 2010, 132, 6498–6506. 
14.  Humphrey, W.; Dalke, A.; Schulten, K., J. Molec. Graphics 1996, 14, 33‐38. 
15.  Contreras‐Garcia, J.; Johnson, E. R.; Keinan, S.; Chaudret, R.; Piquemal, J.‐P.; Beratan, 
D. N.; W., Y., J. Chem. Theory Comput. 2011, , 7, 625‐632. 
16.  de Silva, P.; Corminboeuf, C., J. Chem. Theory Comput., 2014, 10, 3745–3756. 
17.  Kohout, M. DGrid, 4.6; Radebeul, 2011. 
18.  Te Velde, G.; Bickelhaupt, F. M.; Baerends, E. J.; Fonseca Guerra, C.; Van Gisbergen, S. 
J. A.; Snijders, J. G.; Ziegler, T., Journal of Computational Chemistry 2001, 22, 931‐967. 
19.  Steinmann, S.; Corminboeuf, C., J. Chem. Theory Comput. 2011, 7, 3567‐3577. 
20.  Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, M. A.; Cheeseman, J. 
R.; Scalmani, G.; Barone, V.; Mennucci, B.; Petersson, G. A.; Nakatsuji, H.; Caricato, M.; Li, X.; 
Hratchian, H. P.; Izmaylov, A. F.; Bloino, J.; Zheng, G.; Sonnenberg, J. L.; Hada, M.; Ehara, M.; 
Toyota, K.; Fukuda, R.; Hasegawa, J.; Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.; 
Vreven, T.; Montgomery, J., J. A. ; Peralta, J. E.; Ogliaro, F.; Bearpark, M.; Heyd, J. J.; Brothers, 
E.; Kudin, K. N.; Staroverov, V. N.; Kobayashi, R.; Normand, J.; Raghavachari, K.; Rendell, A.; 
Burant, J. C.; Iyengar, S. S.; Tomasi, J.; Cossi, M.; Rega, N.; Millam, J. M.; Klene, M.; Knox, J. E.; 
Cross, J. B.; Bakken, V.; Adamo, C.; Jaramillo, J.; Gomperts, R.; Stratmann, R. E.; Yazyev, O.; 
Austin, A. J.; Cammi, R.; Pomelli, C.; Ochterski, J. W.; Martin, R. L.; Morokuma, K.; Zakrzewski, 
V. G.; Voth, G. A.; Salvador, P.; Dannenberg, J. J.; Dapprich, S.; Daniels, A. D.; Farkas, Ö.; 
Foresman, J. B.; Ortiz, J. V.; Cioslowski, J.; Fox, D. J. Gaussian 09, Revision D.01; Gaussian Inc.: 
Wallingford CT, 2013. 
21.  Peverati, R.; Truhlar, D. G., J. Phys. Chem. Lett. 2011, 2, 2810‐2817. 
22.  (a) Ditchfield, R.; Hehre, W. J.; Pople, J. A., J. Chem. Phys. 1971, 54, 724‐728; (b) Hehre, 
W. J.; Ditchfield, R.; Pople, J. A., J. Chem. Phys. 1972, 56, 2257‐2261; (c) Hariharan, P. C.; Pople, 
J. A., Theor. Chem. Acc. 1973, 28, 213‐222. 
23.  Bach, R. D.; Philippe, Y. A.; Schlegel, H. B., J. Am. Chem. Soc. 1996, 118, 12758‐12765. 
24.  Dunning Jr., T. H., J. Chem. Phys. 1989, 90, 1007‐1023. 
25.  Rienstra‐Kiracofe, J. C.; Allen, W. D.; Schaefer III, H. F., J. Phys. Chem. A 2000, 104, 
9823‐9840. 
A2-30 
 
 
26.  (a) Ribeiro, R. F.; Marenich, A. V.; Cramer, C. J.; Truhlar, D. G., J. Phys. Chem. B 2011, 
115, 14556−14562; (b) Zhao, Y.; Truhlar, D. G., Phys. Chem. Chem. Phys. 2008, 10, 2813−2818. 
27.  (a) Bach, R. D.; Dmitrenko, O.; Estévez, C. M., J. Am. Chem. Soc. 2003, 52, 16204–
16205; (b) Bach, R. D.; Dmitrenko, O.; Estévez, C. M., J. Am. Chem. Soc. 2005, 127, 3140‐3155. 
28.  Chen, W.; Schlegel, H. B., J. Chem. Phys. 1994, 101, 5957‐5968. 
29.  Chuang, Y.‐Y.; Coitiño, E.L.; Truhlar, D. G., J. Phys. Chem. A 2000, 104, 446‐450. 
 
A3-1 
 
10.3 Appendix 3 for Paper 2 
 
Supporting Information 
 
New insights into 1,2,4-trioxolane stability and the crucial role 
of ozone in promoting polymer degradation 
 
Richmond Leea and Michelle L. Coote*a 
 
a ARC Centre of Excellence for Free-Radical Chemistry and Biotechnology, Research School of Chemistry, Australian National 
University, Canberra ACT 0200, Australia. E-mail: mcoote@rsc.anu.edu.au 
 
Computational methods______________________________________________________2 
Figure for energy comparison_________________________________________________3 
Summary of energies________________________________________________________4-5 
References________________________________________________________________6 
Cartesian coordinates of B3LYP optimized structures______________________________7-20 
 
 
 
 
 
 
 
 
 
 
 
 
 
A3-2 
 
Computational method 
Quantum chemical calculations were carried out with Gaussian 091 and MOLPRO 20122. The 
minimum crossing point energy (MECP) was located with a FORTRAN script written by Harvey 
et al [see main text] evoking iterative calculations with Gaussian 09. Geometries of minimum and 
transition state electronic structures were optimised at Becke’s three parameter3 and Lee-Yang-
Parr’s4 B3LYP density functional with Pople’s5-7 basis set 6-31+G(d). Frequency calculations 
were carried out at that level to ensure convergence (all positive eigenvalues for minima and 
single negative for saddle points). Thermochemical corrections and zero point vibrational 
energies were determined at B3LYP/6-31+G(d) geometries and frequencies and combined with 
high level G3(MP2)-RAD composite method8 single point energy calculation to constitute free 
energy as we have previously demonstrated its accuracy in radical chemistry9. Minnesota meta 
hybrid functional M06-2X10 with Pople triple-ζ basis set 6-311++G(2d,2p) was also selected for 
comparison due to its reliability in radical thermochemistry11. The differences between the 
G3(MP2)-RAD and the M06-2X  calculations are reasonably systematic (see S-6). Mean absolute 
deviation for barrier height is 1.5 and ΔGrxn 5.2 and importantly the conclusions are identical at 
both the M06-2X level of theory and the higher G3(MP2)-RAD level. 
The MECP was found at the M06-2X/6-311+G(2d,2p) level of theory and the ΔEMECP was 
calculated as the difference between the electronic energy of 4 optimised at the same level of 
theory and the MECP. The ΔEMECP= 41.9 kcal/mol is close to the activation barrier for 1,2,4-
trioxolane O-O unimolecular bond homolysis process calculated by Ljubić and Sabljić using 
multireference methods (40.5 kcal/mol; see main text) but due to computational limitations we 
were unable to exercise CASSCF calculations on the critical structures with reasonable basis sets 
for quantitative comparison. Single-point calculations at M06-2X level also reveal large singlet-
triplet energy gap for the singlet biradical 5 ΔES-T = 58.6 kcal/mol. Thus 4 may undergo 
photochemical excitation to T1 state and correspondingly follow the reaction channel to 5. 
Expedient decomposition of 5 by β-scission forms more thermodynamically stable species 
relative to 4 in subsequent steps. 
Solvation free energies were calculated on optimized geometries with Cramer and Truhlar’s SMD 
polarizable continuum solvation model12 at B3LYP/6-31+G(d) level of theory. The free energy 
of solvation ΔGsolv was taken from SMD calculation to combine with gas phase free energy 
constituting free energy of solution ΔGsoln with a correction term: ΔGsoln = ΔGgas + ΔGsolv + ΔnRT 
ln(RT/P°). Where ΔnRT ln(RT/P°) is the correction term that accounts for passage from 1 atm to 
1 mol/L in solution. 
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Values are G3(MP2)-RAD Gibbs free condensed phase energies (kcal/mol) relative to starting 
materials. M06-2X free energies in parenthesis for comparison. 
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Summary for energies taken at different levels of theory. Tc = temperature correction; ZPVE = 
zero-point vibrational energy; HLC = high level correction.  
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Activation barrier heights and reaction free energy comparison between G3(MP2)-RAD and 
M06-2X.
G3(MP2)‐RAD M06‐2X
SM ‐> TS1 15.7 12.4
SM ‐> 1 ‐36.2 ‐54.5
SM ‐> TS1b 19.5 22.3
SM ‐> 1b 29 41.1
1 ‐> TS2 18.9 26.4
1 ‐> 2 + 3 ‐19.5 ‐15
2 + 3 ‐> TS3 11.5 9.6
2 + 3 ‐> 4 ‐30.4 ‐51.9
4 ‐> 5 25.1 22.4
5 ‐> TS4b 6.8 7.9
4 ‐> 7 + 8 7.9 8.9
5 ‐> TS4c 10.9 10.3
4 ‐> 9 19.1 14.6
5 ‐> TS4 2.1 2.5
4 ‐> 6 + Acyl rad 1.5 3.8
4 ‐> 6 + CO2 + CH3 ‐21.7 ‐13.4
6 ‐> TS5 18.9 20.1
6 ‐> 10 ‐16.5 ‐10.4
10 ‐> TS6 15.2 11.8
10 ‐> 11 ‐5.5 ‐6.2
10 ‐> TS6b 12.3 9
10 ‐> 12 ‐17.6 ‐18.6
A3-6 
 
References 
1.  Gaussian 09, Revision C.01, M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M. 
A. Robb, J. R. Cheeseman, G. Scalmani, V. Barone, B. Mennucci, G. A. Petersson, H. 
Nakatsuji, M. Caricato, X. Li, H. P. Hratchian, A. F. Izmaylov, J. Bloino, G. Zheng, J. L. 
Sonnenberg, M. Hada, M. Ehara, K. Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. 
Nakajima, Y. Honda, O. Kitao, H. Nakai, T. Vreven, J. Montgomery, J. A. , J. E. Peralta, F. 
Ogliaro, M. Bearpark, J. J. Heyd, E. Brothers, K. N. Kudin, V. N. Staroverov, R. 
Kobayashi, J. Normand, K. Raghavachari, A. Rendell, J. C. Burant, S. S. Iyengar, J. 
Tomasi, M. Cossi, N. Rega, J. M. Millam, M. Klene, J. E. Knox, J. B. Cross, V. Bakken, C. 
Adamo, J. Jaramillo, R. Gomperts, R. E. Stratmann, O. Yazyev, A. J. Austin, R. Cammi, C. 
Pomelli, J. W. Ochterski, R. L. Martin, K. Morokuma, V. G. Zakrzewski, G. A. Voth, P. 
Salvador, J. J. Dannenberg, S. Dapprich, A. D. Daniels, Ö. Farkas, J. B. Foresman, J. V. 
Ortiz, J. Cioslowski and D. J. Fox, Gaussian Inc., Wallingford CT, 2009. 
2.  MOLPRO, 2012.1, H.‐J. Werner, P. J. Knowles, G. Knizia, F. R. Manby, M. Schütz, P. 
Celani, T. Korona, R. Lindh, A. Mitrushenkov, G. Rauhut, K. R. Shamasundar, T. B. Adler, 
R. D. Amos, A. Bernhardsson, A. Berning, D. L. Cooper, M. J. O. Deegan, A. J. Dobbyn, F. 
Eckert, E. Goll, C. Hampel, A. Hesselmann, G. Hetzer, T. Hrenar, G. Jansen, C. Köppl, Y. 
Liu, A. W. Lloyd, R. A. Mata, A. J. May, S. J. McNicholas, W. Meyer, M. E. Mura, A. 
Nicklaß, D. P. O'Neill, P. Palmieri, D. Peng, K. Pflüger, R. Pitzer, M. Reiher, T. Shiozaki, H. 
Stoll, A. J. Stone, R. Tarroni, T. Thorsteinsson and M. Wang, 2012. 
3.  A. D. Becke, J. Chem. Phys., 1993, 98, 5648‐5652. 
4.  C. Lee, W. Yang and R. G. Parr, Phys. Rev. B, 1988, 37, 785‐789. 
5.  R. Ditchfield, W. J. Hehre and J. A. Pople, J. Chem. Phys., 1971, 54, 724‐728. 
6.  W. J. Hehre, R. Ditchfield and J. A. Pople, J. Chem. Phys., 1972, 56, 2257‐2261. 
7.  P. C. Hariharan and J. A. Pople, Theor. Chem. Acc., 1973, 28, 213‐222. 
8.  D. J. Henry, M. B. Sullivan and L. Radom, J. Chem. Phys., 2003, 118, 4849‐4860. 
9.  E. I. Izgorodina, D. R. B. Brittain, J. L. Hodgson, E. H. Krenske, C. Y. Lin, M. Namazian 
and M. L. Coote, J. Phys. Chem. A, 2007, 111, 10754‐10768. 
10.  Y. Zhao and D. G. Truhlar, Theor. Chem. Acc., 2008, 120, 215‐241. 
11.  Y. Zhao and D. G. Truhlar, J. Phys. Chem. A, 2008, 112, 1095‐1099. 
12.  A. V. Marenich, C. J. Cramer and D. G. Truhlar, J. Phys. Chem. B, 2009, 113, 6378‐6396. 
 
 
 
 
 
 
 
 
 
 
 
A3-7 
 
Cartesian coordinates & input information 
 
Starting material 
 
C -1.4149779467 -1.7282906376 1.5251644158 
H -1.3776946783 -2.8180789353 1.405188887 
H -0.5525698465 -1.4096440778 2.1141304917 
C -1.4459791411 -1.0519879666 0.1442402678 
C -2.7054151003 -1.4999238947 -0.6265901458 
H -2.7191556674 -2.593814463 -0.705469964 
H -2.7359803172 -1.0796351683 -1.6353877877 
H -3.6174694812 -1.1904658293 -0.1033317162 
C -0.1938762585 -1.4636971027 -0.7119339838 
H -0.2674856501 -0.9683507485 -1.685551221 
C 1.1671543221 -1.1833961863 -0.1125597996 
C -1.4287105124 0.4703895942 0.3372979465 
C 1.7240438035 0.1891688118 -0.333380005 
O 1.2443139267 0.9951613618 -1.1124745686 
O -0.9723602054 1.0359034357 1.3130844388 
O -1.9559003468 1.1283817532 -0.7137217167 
O 2.8285986783 0.4457879011 0.3980336554 
C -1.8461666796 2.5636436919 -0.6807262006 
H -0.7923360554 2.8517562312 -0.6829137734 
H -2.3393771655 2.9637073714 0.2091195505 
H -2.343176626 2.910833042 -1.5873108605 
C 3.4098677074 1.7496775781 0.2215087365 
H 3.7092213489 1.8975545541 -0.8196727104 
H 4.2791516524 1.7678340345 0.8796330294 
H 2.6931580439 2.523849283 0.5077045181 
H -2.3176104179 -1.4819324831 2.0957736575 
H -0.2808013541 -2.5433577071 -0.8826043463 
C 1.8878924234 -2.1139291007 0.5317628558 
H 1.5101443889 -3.1258762808 0.6567448817 
H 2.8661081549 -1.8946012624 0.9455192671 
 
O2 (triplet) 
 
O -2.4641633771 0.4912038731 -0.8498372758 
O -1.8236266229 0.2125361269 0.1447772758 
 
O2 (singlet) 
 
O -1.6985640833 0.6767954439 0. 
O -0.5789159167 0.2042745561 0. 
 
O3 
 
O -1.0670974424 0.6169853044 0. 
O 0.1130279327 1.0681012775 0. 
O 1.0672658254 0.2400725545 0. 
 
TS1b 
 
C -0.4481279065 1.8154443706 1.8885467571 
H 0.0447260349 1.4392325783 2.7921773348 
H 0.3031194636 2.2435914079 1.2213072628 
C -1.2438111135 0.6873662198 1.2071557763 
C -2.3531998551 0.186678995 2.1494709049 
H -1.910254656 -0.1491841277 3.0944664347 
H -2.9147395435 -0.6445590974 1.714921693 
A3-8 
 
H -3.0623397962 0.9901470248 2.3772567473 
C -0.3204540516 -0.5496105778 0.8603865895 
H -0.9578517145 -1.3274349291 0.429906221 
C 0.8277613005 -0.2965209157 -0.058863309 
C -1.7950680527 1.2138415583 -0.1271134035 
C 0.6312417104 -0.6086339387 -1.4976892764 
O -0.4154881632 -1.0375744929 -1.956635696 
O -1.182616439 1.9697462496 -0.8581277455 
O -3.0098741605 0.7228376702 -0.4267390844 
O 1.7266397905 -0.3671867283 -2.247351576 
C -3.5334446632 1.0755066184 -1.7235481276 
H -2.8758443507 0.6874148111 -2.5049120485 
H -3.6181498495 2.1611842421 -1.8161178975 
H -4.515300413 0.6042550275 -1.7734394059 
C 1.594976571 -0.6317174539 -3.6565387157 
H 1.346938114 -1.6833022958 -3.82275519 
H 2.5673211696 -0.3901053233 -4.0858608774 
H 0.812911265 -0.0001210718 -4.085995206 
H -1.1225780859 2.6265822491 2.1866370186 
H 0.0705307661 -0.9162700365 1.8206311522 
C 2.0806289602 0.0945133032 0.4265148268 
H 2.1598883305 0.612257367 1.3837775958 
H 2.8769514901 0.3047464339 -0.2771744898 
O 2.9417653265 -0.6193968746 3.0664238103 
 
1b 
 
C -1.6504154979 -3.9364605907 0.1224846831 
H -1.1694550823 -3.2089354377 -0.5421590726 
H -1.2661315827 -4.9335121936 -0.1031607989 
C -1.4131348728 -3.5433522482 1.5926286093 
C -2.0684564104 -2.1726678253 1.8678728048 
H -1.6622208601 -1.4252872694 1.1756470064 
H -1.8857541268 -1.8324084166 2.8904662725 
H -3.1526665445 -2.2185148071 1.7145393482 
C 0.1117620646 -3.4065004634 1.9134545381 
H 0.2289424158 -3.1095085735 2.9610472291 
C 1.0090023773 -4.6060250558 1.654001697 
C -2.0195679141 -4.6313952069 2.4922257348 
C 0.9619962567 -5.7162270612 2.6896026201 
O 0.5495075575 -5.5498134728 3.8206376063 
O -2.1763884979 -5.7907155675 2.1561732594 
O -2.3423857183 -4.1689533408 3.7137141496 
O 1.4668404139 -6.8747287057 2.2395810254 
C -2.791415171 -5.150652663 4.6678325285 
H -1.9886274146 -5.8645283341 4.8657705664 
H -3.6720602789 -5.6754794766 4.2885889788 
H -3.0356709624 -4.5850795474 5.5676470123 
C 1.5244780847 -7.9515042207 3.1958451743 
H 2.1392401836 -7.6632761925 4.0523502467 
H 1.9743633145 -8.7871506842 2.6596577198 
H 0.5168348812 -8.2048340241 3.5345239684 
H -2.7226797157 -3.9406558113 -0.1033222403 
H 0.5014046388 -2.5878362881 1.2971977985 
C 1.5697639391 -4.8728321803 0.3152789841 
H 1.2884418233 -4.2093204134 -0.501583012 
H 1.8532891037 -5.8840336539 0.0354566039 
O 2.3830025957 -4.2670982741 1.3250999581 
 
TS1a 
 
C -0.1348141988 2.1396356164 2.1015541522 
H 0.2331062575 1.7565376629 3.0612208217 
A3-9 
 
H 0.7171878838 2.3964495869 1.4681643969 
C -1.0553461758 1.100851563 1.4364778716 
C -2.2800434507 0.8467402607 2.3384944716 
H -1.945763244 0.5063540829 3.3260390533 
H -2.9456070492 0.0882793957 1.9183751621 
H -2.8606914514 1.7654909851 2.4783356767 
C -0.3248710803 -0.2794751384 1.2415135336 
H -1.0493981426 -0.9937124418 0.8417508642 
C 0.903550514 -0.2896972172 0.3663563989 
C -1.4652616968 1.6286046155 0.0533879694 
C 0.6969895208 -0.5609540286 -1.0928550292 
O -0.39482393 76 -0.723907241 -1.6043099789 
O -0.7639653942 2.3457799011 -0.6357328842 
O -2.6765213139 1.1903764075 -0.333474551 
O 1.8568036124 -0.6155840042 -1.7805349444 
C -3.0696951538 1.5213221874 -1.6796154098 
H -2.3755412197 1.0625032923 -2.3873141695 
H -3.0803162366 2.6056089439 -1.8176890829 
H -4.0714887928 1.106521888 -1.7957933877 
C 1.739522285 -0.8933990721 -3.1886267381 
H 1.2481110396 -1.8573430121 -3.3437262623 
H 2.7631555086 -0.9154794065 -3.5630214839 
H 1.1634135625 -0.1057930858 -3.6811650887 
H -0.6860616423 3.0660245523 2.2992321973 
H -0.0342991508 -0.6268470364 2.2397566015 
C 2.145582448 0.068505887 0.8350413848 
H 2.2682512374 0.3990436802 1.859873122 
H 2.9786445217 0.2181866043 0.1597433735 
O 1.2168705901 -2.7037431919 0.6820160296 
O 2.503539969 -2.6752588427 0.6221252159 
O 3.0399314308 -1.8838388444 1.4918531437 
 
1 
C -0.6040467413 -0.3392961354 2.493015824 
H -0.4450617444 -1.3631866305 2.849724133 
H 0.3645756738 0.1523550468 2.3714441547 
C -1.4228474536 -0.3517017864 1.1902986452 
C -2.8112605329 -0.9760801405 1.4721853272 
H -2.6855611443 -1.9811140598 1.8917664827 
H -3.4128418649 -1.0525894453 0.5627277035 
H -3.3682345922 -0.3750453 2.2002745268 
C -0.7631428529 -1.1982322268 0.054478766 
H -1.3446775719 -1.0560700011 -0.8607324528 
C 0.7173591374 -0.9750882091 -0.3268718318 
C -1.6104570641 1.0980679439 0.7102934548 
C 0.9828946577 0.4641239469 -0.814158778 
O 0.3231035816 0.9775752363 -1.6924597392 
O -0.9884733181 2.0548789305 1.1333293184 
O -2.5488095474 1.1936417653 -0.2480104992 
O 2.0005293121 1.061181898 -0.1817232721 
C -2.7201448588 2.4917480259 -0.8508225966 
H -1.7987503925 2.7847812924 -1.3592355043 
H -2.9802224585 3.2327201994 -0.0906207453 
H -3.5329746235 2.3696452545 -1.5670609451 
C 2.2764588315 2.4254170384 -0.5722957158 
H 2.4870038328 2.4725628135 -1.6430968369 
H 3.1502096343 2.7166930747 0.0101753622 
H 1.417492228 3.0545087798 -0.3286516717 
H -1.1415952225 0.208265383 3.2741039999 
H -0.8491800192 -2.2567300404 0.3285011085 
C 1.7526650841 -1.5404245485 0.6925618767 
H 1.2639719873 -2.2129048847 1.4033059398 
H 2.3285456327 -0.7718218581 1.205330502 
A3-10 
 
O 0.9930830518 -1.77143734 -1.5192798914 
O 1.7617107951 -2.9037363532 -1.0271026323 
O 2.6694285925 -2.2699577194 -0.1151439427 
 
TS2 
 
C -0.5881153004 0.3272256985 2.4512387682 
H -0.1538445281 -0.5312624603 2.9785863651 
H 0.2061384684 1.0224415403 2.1621697856 
C -1.4010000296 -0.1538828064 1.2382662546 
C -2.5819019247 -1.0255890695 1.7559038637 
H -2.1952457251 -1.8734457348 2.333864175 
H -3.1799470046 -1.4190325268 0.9274171193 
H -3.2380528272 -0.4400847116 2.4094729987 
C -0.6035901803 -1.0488620457 0.2478311407 
H -1.239726876 -1.2382448893 -0.6217729037 
C 0.7847916685 -0.7142630297 -0.3603251046 
C -2.0612721535 1.06441741 0.5733162924 
C 1.1268428538 0.7538578455 -0.706629422 
O 0.3346740708 1.6615201422 -0.5706232765 
O -2.2387596474 2.1325794169 1.1219085603 
O -2.5389744109 0.7809587057 -0.6581546429 
O 2.3567324604 0.8935176707 -1.2147638906 
C -3.2023750538 1.8626542853 -1.3357021591 
H -2.509493862 2.6964122429 -1.4753556213 
H -4.0676302596 2.2017967734 -0.7596113402 
H -3.5149095557 1.4534913815 -2.2972091039 
C 2.7056030522 2.2173529616 -1.6746065098 
H 3.7261227701 2.1291462191 -2.0463556323 
H 2.6487634145 2.9335937199 -0.85087682 
H 2.0274244648 2.5249402849 -2.47419563 
H -1.2342009456 0.8616041836 3.1527172937 
H -0.4602097304 -2.0264462417 0.7230172882 
C 2.1428450067 -1.0030178869 0.9954220743 
H 1.8458505145 -0.577744473 1.9485668186 
H 2.9865619128 -0.588125779 0.4515542326 
O 1.1863724666 -1.5607887108 -1.2372183787 
O 2.0621120914 -2.3297557573 0.999417937 
O 2.4394148197 -2.8214643291 -0.1787704626 
 
2 
 
C -0.9389355721 -0.1984169051 2.5630011223 
H -0.7006769664 -1.0395425607 3.2246713224 
H -0.1306588662 0.5322186544 2.6483617851 
C -1.0968425892 -0.7157406883 1.1132727842 
C -2.2373446296 -1.757506395 1.0611537279 
H -1.9714134277 -2.6246969039 1.6769315485 
H -2.4142607315 -2.1104121699 0.0383227362 
H -3.1701807502 -1.3359180842 1.4463372683 
C 0.2043390122 -1.3855050612 0.5882362806 
H 0.0025472594 -1.8952243129 -0.3566765573 
C 1.3827401751 -0.4425603154 0.3982496797 
C -1.4311884946 0.4648882784 0.1966704039 
C 1.9409626009 -0.3389351306 -1.0387518136 
O 1.7828540255 -1.2120637 -1.8699370382 
O -0.698103168 0.8913487205 -0.6782015769 
O -2.6328375009 1.0067529923 0.4682901934 
O 2.643987161 0.7785053151 -1.2223768577 
C -3.0131195373 2.1469776943 -0.3284697463 
H -3.0624988478 1.8710625912 -1.3848796977 
H -2.2912024355 2.957071203 -0.1977184138 
H -3.9958222069 2.4401395721 0.0413992875 
A3-11 
 
C 3.2144125652 0.9543802843 -2.5333677214 
H 3.720070227 1.9192649477 -2.4985137256 
H 2.4250865814 0.9553620457 -3.289796636 
H 3.9244212597 0.1511093213 -2.7478399748 
H -1.8719146444 0.2574240829 2.9087878264 
H 0.509783342 -2.1424684021 1.3215616401 
O 1.9325368789 0.1419663662 1.309948913 
 
3 
 
C -1.4990669694 -1.0687019601 -0.0699120875 
H -1.0395741167 -1.8283647258 -0.6978326815 
H -2.3140008136 -1.2348427481 0.6263326508 
O -1.0749104941 0.1178616675 -0.1291370695 
O -0.0573366762 0.4173783365 -0.9736827522 
 
TS3b 
 
C -0.7090562835 -0.0453207351 2.3206048615 
H -0.8623597854 -0.5026725106 3.299313842 
H 0.5941477021 -0.187809189 2.1538323066 
C -1.2812145545 -0.714727814 1.2169327278 
C -2.0019564408 -2.0288345607 1.4011442567 
H -1.5463239291 -2.6078288141 2.2106329136 
H -2.0284615774 -2.6339948646 0.4935186197 
H -3.0435352593 -1.8238335363 1.6884818402 
C 0.6241474928 -1.7186152688 0.0935064223 
H 0.3206263355 -1.9163726318 -0.9282749053 
C 1.4431726684 -0.6478458976 0.3912434598 
C -1.5878489351 0.1242924083 0.0089152562 
C 1.8006299726 0.3191252925 -0.723320836 
O 1.5692475116 0.0967055677 -1.8988314169 
O -1.2071655705 1.270697995 -0.1430400588 
O -2.3556224396 -0.5291794618 -0.8877156504 
O 2.41226382 1.4171128994 -0.2671831362 
C -2.6563618172 0.1939489386 -2.0988067301 
H -1.7316427703 0.4342968337 -2.6293292272 
H -3.1956412096 1.1156512736 -1.8658507771 
H -3.2785421681 -0.4804843354 -2.6875321767 
C 2.760986348 2.397701663 -1.261038042 
H 3.2521961894 3.2006014869 -0.7111293319 
H 1.8592094711 2.7636439856 -1.7590512697 
H 3.4370721563 1.9639416132 -2.0028680781 
H -0.7367794923 1.0444241202 2.2981674423 
H 0.5101566024 -2.5082559087 0.8254420277 
O 1.7383227225 -0.3533314293 1.6165688999 
 
TS3 
 
C -1.8332720193 2.7171754884 0.1888124373 
H -1.2742265891 3.4411476298 0.7934558129 
H -1.6428465406 2.9414140894 -0.8673712867 
C -1.3854497528 1.2817759557 0.5539454205 
C -1.7531902255 0.9976687247 2.0300098707 
H -1.2248542597 1.7068978183 2.6789060122 
H -1.4653083787 -0.0127945962 2.3300730059 
H -2.8286228285 1.1241134661 2.187707108 
C 0.1476902201 1.1844204161 0.304130283 
H 0.6419634071 1.8051440727 1.0595105414 
C 0.7600482432 -0.2034455083 0.4021760157 
C -2.1186980069 0.2803834608 -0.3437199694 
C 1.3189310335 -0.9044429382 -0.8466629642 
O 1.6610407447 -2.0666012866 -0.8403193648 
A3-12 
 
O -1.5817537324 -0.5456806325 -1.0569788224 
O -3.4601173 0.4029250274 -0.2558253785 
O 1.3949415013 -0.0923472924 -1.9132971028 
C -4.2341525127 -0.5186143924 -1.0483645791 
H -4.0031704634 -1.5489313282 -0.7658964651 
H -4.0199051836 -0.3782243776 -2.1111492468 
H -5.2756833408 -0.2810063636 -0.8300194912 
C 1.9329508387 -0.6858855871 -3.107526082 
H 2.955099625 -1.0308517311 -2.9292841743 
H 1.9180024897 0.1062689256 -3.8567776587 
H 1.3121729888 -1.5291541413 -3.4219747893 
H -2.9003167753 2.8568359287 0.3840184566 
H 0.3859757554 1.6056779907 -0.6739913334 
O 0.6282525156 -0.9020627394 1.4305624859 
O 2.8441226436 0.4927674846 0.7668465777 
C 2.5149140111 -1.004271282 2.3660758776 
H 2.6348124056 -2.0189891128 2.7346520348 
H 2.0725286364 -0.2082782545 2.9520581372 
O 3.2071207694 -0.7282848247 1.3372187314 
 
4 
 
C -0.7367617383 1.1981241816 2.0368376025 
H -0.3442820328 0.7512411806 2.956932481 
H 0.0854287497 1.6976691178 1.5206872241 
C -1.3961317725 0.1109266259 1.1714029418 
C -2.6042510803 -0.4872577971 1.9357861029 
H -2.2728184394 -0.8624269892 2.9110408463 
H -3.0676945779 -1.3099341286 1.3840224728 
H -3.367853562 0.2787477828 2.1136923291 
C -0.432100008 -1.0717499925 0.853183962 
H -0.9088152944 -1.7399795237 0.1306520517 
C 0.9723990845 -0.7889283439 0.2967740621 
C -1.9164750866 0.7385289369 -0.133886262 
C 0.9615006743 0.0935981759 -0.9796739691 
O 0.4432602807 -0.2837629892 -2.0101441709 
O -1.7261539114 1.887647508 -0.4832838096 
O -2.6322063109 -0.142645874 -0.8602615055 
O 1.5354435281 1.2818541525 -0.7951938109 
C -3.0895444448 0.3104711857 -2.149293793 
H -2.2310734447 0.5115424431 -2.7946885715 
H -3.6961590075 1.2133685338 -2.0428024308 
H -3.6846414797 -0.5115944663 -2.5479235238 
C 1.4761936898 2.1944587384 -1.9131621745 
H 1.9350652695 1.7405118152 -2.7949003023 
H 2.035554958 3.0726790595 -1.5915600573 
H 0.4343490039 2.4505176533 -2.1185315045 
H -1.4717569763 1.9623585315 2.3099811295 
H -0.269896157 -1.6439138079 1.7734358284 
O 1.5824262252 -2.0388609571 -0.05266206 
O 1.7967147661 -0.2707768874 1.3316304645 
C 2.8547936866 -2.0419767764 0.5753474411 
H 3.6281240237 -2.3746244665 -0.1226261983 
H 2.8228826292 -2.6546339 1.4855639479 
O 3.1249786153 -0.6876787628 0.879623396 
 
5 
 
C -0.9543457702 1.2783379789 2.1182651019 
H -0.5960328144 0.8616144957 3.0659282785 
H -0.1315778633 1.821251807 1.6526812117 
C -1.4889133895 0.1477860694 1.2224019442 
C -2.7296973115 -0.4918310804 1.8997175328 
A3-13 
 
H -2.4647097651 -0.8260111769 2.9094292079 
H -3.1068605925 -1.3487328105 1.3348445907 
H -3.5395738962 0.2411648065 1.9903050341 
C -0.4692104285 -1.0053961242 1.0087913317 
H -0.8376649152 -1.6994436213 0.2483422985 
C 1.0125821851 -0.6933832449 0.5816580159 
C -1.9234492582 0.7311314965 -0.1340909275 
C 1.005026476 0.1488000066 -0.7799119917 
O 0.5048516182 -0.2911497901 -1.7851662158 
O -1.6942753551 1.8631719659 -0.515454616 
O -2.6056511221 -0.1676453144 -0.8707353426 
O 1.5780594836 1.3344522493 -0.6330660001 
C -2.9851318016 0.2471670203 -2.1971681001 
H -2.0908409714 0.4382191327 -2.795181114 
H -3.6020846911 1.1483043743 -2.1522706909 
H -3.5506036295 -0.5892843034 -2.6087122918 
C 1.5709440781 2.1943146124 -1.7993596086 
H 2.0576484543 1.6892269698 -2.6366644291 
H 2.1318302935 3.0778361057 -1.4964752855 
H 0.5405031716 2.4539100645 -2.050532996 
H -1.7544433481 1.994169175 2.3356706091 
H -0.3696653176 -1.5593677521 1.9481270196 
O 1.546010825 -1.9936547637 0.2636411704 
O 1.6752693155 -0.0344096172 1.512609985 
C 2.9541670019 -2.0874658168 0.1889905571 
H 3.1704404299 -3.163440734 0.0663007431 
H 3.4216387883 -1.7689660592 1.147451152 
O 3.5662631203 -1.3671751215 -0.7643691745 
 
TS4c 
 
C -1.6386307913 -1.9537510598 0.9702006779 
H -1.3570660128 -2.9752000988 0.7045273198 
C -1.8579408095 -1.0240007612 -0.2110175468 
C -2.9630568385 -1.5916770211 -1.1486834032 
H -2.6679897069 -2.5788516063 -1.5204134127 
H -3.1123938147 -0.9311313066 -2.0103608434 
H -3.9109507721 -1.688873156 -0.6107518122 
C -0.5339496896 -0.9041050238 -0.9943848757 
H -0.5979668806 -0.1477017612 -1.7767957215 
C 0.6968475014 -0.6098536506 -0.0827679036 
C -2.3884502216 0.3184239849 0.3243636629 
C 1.3426545703 0.7713085819 -0.4341661221 
O 1.2761439063 1.2845181769 -1.5277756431 
O -3.1641819176 0.4162019708 1.2541229892 
O -1.9500625829 1.3713165483 -0.3881533204 
O 2.0189660267 1.27776383 0.6052088273  
C -2.4391562074 2.6646052068 0.0202735796 
H -2.1540720963 2.8634706511 1.056384941 
H -3.527806392 2.703344382 -0.0709328807 
H -1.9663272427 3.3752770923 -0.6574993563 
C 2.7767220452 2.4761747863 0.3398352782 
H 3.5346176347 2.2749302537 -0.4212488669 
H 3.2413501719 2.736004757 1.290947018 
H 2.1136409416 3.2753602018 -0.000722078 
H -2.3518958123 -1.8774559583 1.7909909192 
H -0.3331824191 -1.8646975276 -1.4787022219 
O 1.6579167243 -1.6340384132 -0.426484428 
O 0.4028603375 -0.6169932613 1.2668357371 
H -0.53422176 -1.4072167018 1.4092655014 
C 2.8457905084 -1.6937910572 0.3447802387 
H 3.1837700492 -2.7453319199 0.291997232 
H 2.6281197314 -1.4740254584 1.4099122151 
A3-14 
 
O 3.8539278189 -0.8915656808 -0.0388007009 
 
9 
 
C -1.7804956044 -0.4463109333 0.7012128861 
C -2.8686924497 -1.5174392742 1.0148688205 
H -2.8435070829 -1.7564111058 2.0836397711 
H -2.7026499442 -2.4364741044 0.4446671134 
H -3.8664870727 -1.1334831448 0.7781725281 
C -0.3975609469 -1.1528521726 0.9297358427 
H -0.2672997372 -1.929342141 0.1724104972 
C 0.8926377557 -0.3101212554 0.9550889869 
C -1.9166134234 -0.0353252694 -0.7776220959 
C 1.047965912 0.5608681605 -0.3277572539 
O 1.240911604 0.0791975913 -1.4270432424 
O -2.0129840668 1.1050607439 -1.1889125081 
O -1.9157051075 -1.1083541689 -1.5927989071 
O 0.9348054709 1.865264542 -0.0761912501 
C -1.9514654043 -0.8362126172 -3.0068657587 
H -1.0496073513 -0.2946089213 -3.3029486724 
H -2.8374508434 -0.2480401646 -3.2593271374 
H -1.9867302353 -1.8147278448 -3.486631106 
C 0.9743563361 2.7461881615 -1.2215017676 
H 0.9410923854 3.7527647514 -0.8053977118 
H 0.1024075218 2.5569125466 -1.850764363 
H 1.8953653152 2.5866417154 -1.7871008939 
H -0.4284739203 -1.6420621071 1.9093980867 
O 1.9365459744 -1.2955973842 0.9639318671 
O 0.9004993625 0.4455012356 2.1283656429 
C 3.2545813782 -0.8681696677 0.6992288063 
H 3.4333303837 -0.9181997122 -0.4063187443 
H 3.9194842344 -1.6345573952 1.1426076646 
O 3.6125030113 0.3641181737 1.0541322414 
H 1.6441900439 1.071933796 2.0901226444 
C -1.9863343845 0.7428820531 1.5872848394 
H -1.9490173298 0.6047575199 2.6622600747 
H -2.0226018948 1.7454484631 1.1818030291 
 
TS4 
 
C -1.5019296191 -1.5643583404 1.8022744523 
H -1.1476713629 -2.5955353073 1.9099916865 
H -0.8024399351 -0.9101685164 2.3205679313 
C -1.633725743 -1.2127077253 0.3092115874 
C -2.7331425014 -2.1024979961 -0.3221701667 
H -2.4996777115 -3.1570999483 -0.134682048 
H -2.8162805349 -1.9506992398 -1.4017531204 
H -3.7101212407 -1.8906713865 0.1270552527 
H -0.4395928594 -1.0902830682 -1.5217761994 
C 1.039258373 -1.0169166577 0.0341075652 
C -2.0292988429 0.2669025816 0.1710470776 
C -0.3306099182 -1.4768656583 -0.5051314399 
C 0.9472839368 0.9411259825 -0.0786863702 
O 0.5473220991 1.4336654076 -1.0925759338 
O -1.8594784003 1.1207187467 1.0217558446 
O -2.5835574085 0.5344595901 -1.0289669766 
O 1.4030130412 1.4727579796 1.0194037804 
C -2.9238944935 1.9095751233 -1.2864338831 
H -2.0198324984 2.5231663262 -1.2943862063 
H -3.615502748 2.279348239 -0.5249764437 
H -3.3952947151 1.9094332532 -2.2697390231 
C 1.3903096291 2.9318034282 1.077336218 
H 1.976039524 3.3352719667 0.2487272285 
A3-15 
 
H 1.8458778538 3.1732277469 2.0363422013 
H 0.3560407469 3.2785493328 1.0346523973 
H -2.4802294084 -1.4848344745 2.2906352561 
H -0.2152660195 -2.565894988 -0.59033697 
O 1.9679748498 -1.2296585532 -1.0182031133 
O 1.4014579177 -1.1855555608 1.2181547105 
C 3.3419294319 -1.1735177887 -0.6641143567 
H 3.8676641335 -1.8304584511 -1.3791000016 
H 3.4915781657 -1.5879808172 0.3549180483 
O 3.8941032584 0.0501287733 -0.6663389851 
 
TS4b 
 
C -1.0297653252 -1.2565329593 2.0383269368 
H -0.3778154407 -2.068580159 2.376921322 
H -0.5629111636 -0.3108986631 2.3159006304 
C -1.2437830088 -1.3637331347 0.518794143 
C -1.9743546808 -2.7076515944 0.1987488335 
H -1.3999092025 -3.5449614468 0.609341985 
H -2.103844442 -2.8572378308 -0.8762464298 
H -2.9643336026 -2.7110642747 0.6704982673 
H -0.0144766414 -1.168107782 -1.3255921757 
C 1.4989695533 -0.0720794749 0.1372852986 
C -2.1368352814 -0.2132051176 0.0229990031 
C 0.0558154331 -1.4067684486 -0.266997019 
C 0.6877288781 1.238260141 -0.0881635462 
O 0.25165016 1.5933864172 -1.1606403564 
O -2.5700431813 0.6839498253 0.7183419774 
O -2.4031909298 -0.3251499693 -1.2923854303 
O 0.5584844584 1.8940070069 1.0635458646 
C -3.1583251425 0.7486912298 -1.8886912682 
H -2.5815103131 1.6751269358 -1.8375623876 
H -4.1140946662 0.8731521015 -1.3736413275 
H -3.3120417311 0.4497897317 -2.9257382276 
C -0.2035002859 3.1221081795 1.0179195932 
H 0.205301514 3.789427997 0.2555626783 
H -0.0971895487 3.5548040614 2.0124099476 
H -1.2496912287 2.892729411 0.8048149728 
H -1.9889377765 -1.3352827863 2.5595674391 
H 0.66908226 -2.2791311306 -0.0456265511 
O 2.2883712912 -0.2857030152 -0.997400214 
O 1.8816993406 -0.4155021925 1.2714998713 
C 3.5210496665 -0.9748614998 -0.7887558836 
H 3.7373470766 -1.4830728203 -1.7456186847 
H 3.4141325444 -1.7467231657 -0.0035926807 
O 4.561282417 -0.1989065725 -0.4575365816 
 
7 
 
C 0.7333682917 1.5569397964 -1.0247049348 
H 0.4720926205 2.6025613762 -1.2228684817 
H 0.6368962889 0.9895532147 -1.9549589888 
H 1.782491345 1.5250820917 -0.7070216994 
C 0.1938063658 -0.4757924398 0.3542725369 
O 0.5598218137 -0.9159692501 1.4251919242 
O 0.0852178921 -1.2459199365 -0.7541629721 
C -0.0522861083 1.7887629482 1.3390238923 
H 0.9182162873 2.1782883473 1.6317260092 
H -0.8440049457 1.7908142832 2.0822773299 
C 0.430902608 -2.6348302226 -0.5954054512 
H 1.4720826775 -2.7339390807 -0.2769418286 
H 0.2835018733 -3.0833518361 -1.5784647425 
H -0.2189722322 -3.1065716574 0.14651404 
A3-16 
 
C -1.6705118053 1.0280766547 -0.4110006974 
H -1.9652759766 2.0656496346 -0.6043061248 
H -2.347999998 0.6202380592 0.3487826346 
H -1.7965184448 0.4508545069 -1.3316608498 
 
8 
 
C 0.2974337699 0.1423075086 -0.4709235487 
C -0.8429563671 0.3875423324 0.5329661879 
O 1.1649033063 -0.7584332813 0.0249160042 
C 2.3106769917 -1.0815037859 -0.8039940369 
H 3.1117556349 -1.330551612 -0.0868117638 
H 2.6128633229 -0.1869091886 -1.3789515878 
O 2.120635999 -2.0920071776 -1.6472836741 
O 0.4049608267 0.7215405287 -1.5255290498 
O -0.6887080234 0.3928564138 1.732724671 
O -1.9838627001 0.6247046552 -0.1153809487 
C -3.1306487884 0.9157061109 0.7136052082 
H -3.3266135828 0.0803232041 1.3903937901 
H -3.956081777 1.0561712354 0.0168015803 
H -2.9501557527 1.8240067362 1.2937859681 
 
 
6 
 
C -1.2783595814 -0.062863845 0.8706460759 
C -2.7835831792 -0.4227119619 0.9129094187 
H -2.9905204735 -1.0503255334 1.7876717046 
H -3.093531556 -0.9648597331 0.0145602979 
H -3.3953947031 0.482863955 0.9972725219 
C -0.4751088952 -1.387154456 0.6964896104 
H -0.7218992394 -1.8350602879 -0.2722575597 
C 1.0286878867 -1.2422214649 0.7825094661 
C -1.0481576916 0.8794430619 -0.3217514125 
O -0.7029690645 2.0403243477 -0.2385458743 
O -1.324565318 0.2740559841 -1.496913954 
C -1.1293817676 1.068899401 -2.681377177 
H -0.0830193041 1.3748642401 -2.7602272116 
H -1.7672085231 1.9563066622 -2.6544130317 
H -1.4041011771 0.4198108111 -3.5132446865 
H -0.7691796605 -2.0848122775 1.4854645835 
O 1.5119049715 -0.4341069972 -0.1978582597 
O 1.735102704 -1.7734453543 1.6159393438 
C 2.9413641053 -0.2033829336 -0.2234560447 
H 3.3902793522 -0.6822652996 0.6715172849 
H 3.0817789823 0.8893733446 -0.1395009335 
O 3.5400953126 -0.6743204078 -1.3090974779 
C -0.8793192424 0.6512679411 2.1721350948 
H 0.1671458588 0.9712388221 2.1587058434 
H -1.0235767091 -0.0214086214 3.0252463118 
H -1.4900079277 1.545658943 2.3259819855 
 
Acyl radical 
 
C -0.7942230808 1.2471596542 3.1437497819 
O -1.4484046945 0.770568833 4.0249534694 
O 0.0105920696 2.2904179892 3.1374077061 
C 0.1527804135 3.0130612181 4.4057206857 
H 0.8492233051 3.8225640359 4.1927406686 
H 0.5522234085 2.3376164901 5.1653014106 
H -0.8209262613 3.4002405694 4.7135581276 
 
CO2 
A3-17 
 
  
O 0.2358337706 0.2830430313 0. 
O -2.0327374069 0.8516569687 0. 
 
CH3 radical 
 
C -1.5108112784 0.7700967511 -0.0011083922 
H -0.40148 0.77786 0.00778 
H -1.8839551824 0.2306826656 0.8936268917 
H -1.8696358988 0.2583663245 -0.9176955507 
 
CH4 
  
C -1.1067403912 0.2143466834 -0.0033576115 
H -0.0131586963 0.2145922367 0.0048345765 
H -1.4715532231 1.2452843648 0.0048393498 
H -1.4778111518 -0.3107099986 0.8812949004 
H -1.4644384936 -0.2917798695 -0.904399273 
 
TS5 
  
C -1.3743940577 -0.89128747 0.0587233562 
C -2.6962513272 -1.3122853361 -0.6330904852 
H -2.6949214525 -2.3933201427 -0.8172942358 
H -2.8305227079 -0.7992573414 -1.5911084809 
H -3.5549124243 -1.0807957815 0.0068447701 
C -0.2090425647 -1.2274110129 -0.9022919611 
H -0.3437216981 -0.7040013724 -1.8567329367 
C 1.1828750307 -0.8535218233 -0.4182515599 
C -1.4705464957 0.6169676989 0.3340709338 
O -1.7444879827 1.1091739901 1.4083316432 
O -1.294577681 1.3452477849 -0.7908449629 
C -1.3653780114 2.7749484468 -0.6333577358 
H -0.5898487467 3.112838666 0.0586426369 
H -2.3472928315 3.0687223772 -0.2529850992 
H -1.1979785231 3.1841913687 -1.6300980455 
H -0.2102029004 -2.2995506671 -1.1236155278 
O 1.3550862033 0.140154656 0.344645434 
O 2.1599668848 -1.5626762675 -0.8439312441 
C 3.3062529585 0.2038911996 0.5640183899 
H 3.1853570702 -0.7586168017 -0.1822280706 
H 3.275278008 -0.0724229224 1.6295783264 
O 3.7939723271 1.2274336603 0.1399567407 
C -1.2275585105 -1.6472790117 1.3899990013 
H -0.3247600673 -1.3424176707 1.9274648857 
H -1.1784302134 -2.7263813077 1.2008066387 
H -2.0808232865 -1.4480689194 2.0438755885 
 
10 
  
C -0.718440773 -0.00576583340.8153109669 
C -2.2235838349 -0.3707195669 0.8894018899 
H -2.4102912763 -1.012307529 1.7591393577 
H -2.5535461288 -0.9052873617 -0.0081757423 
H -2.833116841 0.532690831 0.9988964109 
C 0.0846431295 -1.3159495905 0.667234775 
H -0.2942344904 -1.910451469 -0.172737272 
C 1.570858296 -1.1442814894 0.4427857049 
C -0.5470878067 0.9131988968 -0.4024950922 
 
O -0.5685292175 2.1250909159 -0.3639632104 
O -0.4567630519 0.2133970145 -1.5577446022 
C -0.3135635009 0.9976633933 -2.7567967787 
A3-18 
 
H 0.597032311 1.5998442435 -2.7038035282 
H -1.1771032473 1.6552179411 -2.8879253994 
H -0.2517889271 0.2738638051 -3.5701893622 
H -0.0548355291 -1.933785259 1.5630249462 
O 2.1509233899 -0.1094383576 0.1905329287 
C -0.3133565132 0.7557704354 2.090262536 
H 0.7373471094 1.0563227838 2.0594447061 
H -0.4737623772 0.1179160927 2.9681772905 
H -0.9161663496 1.6605414877 2.2046406809 
O 2.2219753408 -2.3331760058 0.538874179 
H 3.1657238782 -2.1580277984 0.3611089549 
 
Formyl radical 
 
C -1.01263 1.112 0. 
O -0.68429 2.28668 0. 
H -2.063 0.84276 0. 
 
TS6 
  
C -0.2143147576 -0.0141723926 -0.7565829304 
C -0.6903650697 0.7018875317 -2.0477140717 
H 0.1197287289 0.7244601844 -2.784841493 
H -0.9980212604 1.732967562 -1.8419645383 
H -1.5379905508 0.1682910459 -2.4906513536 
C 0.975404499 0.7804779334 -0.1738594758 
H 0.7044367376 1.8340519103 -0.0375568474 
C 1.4926332984 0.2885661124 1.1596031474 
C -1.4209882587 -0.0203551669 0.2030305984 
O -2.23553709 -0.9150318095 0.2819131657 
O -1.524959078 1.1367157161 0.896932212 
C -2.6397627025 1.2269253886 1.8049234921 
H -2.5571223549 2.2113160847 2.2669170061 
H -2.573660368 0.4381583378 2.5585534119 
H -3.5831045378 1.1318044825 1.2606767651 
H 1.8078300458 0.7698013096 -0.8868991999 
O 0.9702268551 -0.5337290303 1.8821141628 
O 2.655902155 0.9077087475 1.4921535597 
H 1.229478818 -1.4635273805 -1.9021310022 
C 0.1732385796 -1.4556604024 -1.0731204243 
H -0.591493414 -2.0013786648 -1.6285921682 
H 0.518276651 -2.0270425365 -0.2098154431 
H 2.9222446516 0.5665645008 2.3671389183 
H 2.1922698556 -0.7988853244 -3.4938953486 
C 2.307793214 -1.5767150976 -2.7373053816 
H 2.2242816753 -2.5857875687 -3.1435574349 
H 3.1860789976 -1.4399167934 -2.1042376765 
 
TS6b 
 
C 0.1212123416 0.9474783214 0.3177873737 
C 0.0778386894 1.6729779061 1.6878685478 
H 1.0955999512 1.9057761016 2.0209024922 
H -0.4011950845 1.0549324795 2.4555494754 
H -0.4751235008 2.6145611951 1.6047737543 
C 0.8884286726 -0.3700176588 0.4827892649 
H 0.6766701652 -0.8884928451 1.420558251 
C 0.8754516807 -1.3265218269 -0.6554297879 
C -1.3459416847 0.691324014 -0.079675855 
O -2.0293876403 1.4532815198 -0.7292758919 
O -1.8221981733 -0.4590448064 0.4491942995 
C -3.1994205775 -0.7642285854 0.1564583725 
H -3.3964593336 -1.7140243892 0.654578168 
A3-19 
 
H -3.3429158835 -0.8554294486 -0.9231746401 
H -3.8540585686 0.0205235451 0.5449083312 
 
H 2.1407747437 -0.0865379221 0.6483677031 
O 0.4817315646 -1.1096326998 -1.7874562328 
O 1.4119354368 -2.5292960597 -0.3014717511 
H 1.7811712584 2.1386502226 -0.4185433002 
C 0.7661430085 1.8722157264 -0.7335281185 
H 0.1820131615 2.7902692169 -0.8380492036 
H 0.8148911014 1.3852327437 -1.7103043214 
H 1.3938289474 -3.0903190996 -1.0994534672 
H 3.5675482182 0.963975129 1.5888437295 
C 3.5357726326 0.1302071397 0.8886594744 
H 3.8507214272 -0.8267073617 1.3023394596 
H 3.9304517558 0.3509104723 -0.1023741076 
 
11 
 
C 0.3558889234 0.9465312679 0.4480751827 
C 0.013026065 1.8163030896 1.7025507145 
H 0.9347793073 2.0873637671 2.228353181 
H -0.6304531596 1.257595697 2.3912161717 
H -0.499166134 2.7365577101 1.4052725367 
C 1.083700035 -0.3366403342 0.941065649 
H 0.5200245927 -0.8134160152 1.7445424921 
C 1.3645124362 -1.4309774265 -0.0901815727 
C -0.983935637 0.6276379291 -0.2423550097 
O -1.4527170552 1.2656478181 -1.1626003174 
O -1.6015529 -0.4192352939 0.3316413776 
C -2.8818922852 -0.7906536236 -0.2231649715 
H -3.2006484898 -1.6593416061 0.3522183572 
H -2.7723090185 -1.0439602271 -1.2801632244 
H -3.5918549119 0.0332600088 -0.115126089 
H 2.0528830469 -0.0339034362 1.3627549731 
O 1.3475496365 -2.6063861915 0.1877438557 
O 1.6786443578 -1.0337055902 -1.3493352597 
H 1.6653134955 -0.0535678513 -1.4180672008 
C 1.2193067172 1.7520659405 -0.4786720571 
H 2.231448248 1.996883369 -0.1645020069 
H 0.7717703897 2.3199763187 -1.2872904022 
 
12 
 
C 2.0949707659 -3.5702345349 0.888502735 
C 1.4229305034 -4.9079870705 1.2947969771 
H 1.0792582912 -5.4375976914 0.3986323086 
H 0.5611718552 -4.7382768816 1.9485120147 
H 2.1368319595 -5.5531909283 1.817339725 
C 1.0860772303 -2.701101372 0.1881465117 
H 0.130693355 -3.1237415958 -0.1069519212 
C 1.2602935981 -1.3124500937 -0.1822358313 
O 3.7343933917 -3.0107500168 2.6178112895 
O 1.6081624888 -2.2864735539 2.8467722262 
C 1.9644141231 -1.672045181 4.1005608641 
H 1.0475634035 -1.2071123115 4.4635646763 
H 2.7443197091 -0.9225657009 3.9437858173 
H 2.3220613489 -2.4269407568 4.8058725614 
O 0.4209165979 -0.649468759 -0.7818309878 
O 2.4602661272 -0.7786269974 0.1975601261 
H 2.4610030564 0.1503036605 -0.0976392109 
C 3.3036888124 -3.857687829 -0.036774301 
H 2.9623412483 -4.3675166688 -0.944208096 
H 4.0212443284 -4.4999773616 0.482502985 
A3-20 
 
H 3.8137786858 -2.9339153877 -0.3194641613 
C 2.6046291199 -2.917122968 2.1902836915 
 
TS7 
  
C -0.3591216098 1.1780759852 0.0984598712 
C 0.3002578679 2.3794177504 -0.5546968688 
H -0.4171977876 3.2104288126 -0.5907036839 
H 0.6100424928 2.1664480587 -1.5831447292 
H 1.1770745541 2.7099244603 0.008928719 
C -1.4526594191 0.5356074657 -0.7554394645 
H -1.0170737355 0.1532534122 -1.6871910772 
C -2.2822515209 -0.5603164967 -0.0834961258 
C 1.3087772036 -0.310660693 -0.3009967254 
O 1.0317931736 -1.4758771029 -0.496432119 
O 2.4850471813 0.1749712886 0.053513925 
C 3.5676422507 -0.789332934 0.2462761134 
H 4.428026513 -0.1914389376 0.5436599919 
H 3.7604400444 -1.3176794962 -0.6897059656 
H 3.2896244195 -1.4980906912 1.0294256931 
H -2.1600227149 1.3250589917 -1.0336238836 
O -3.4228614693 -0.3815867935 0.2819678513 
O -1.687533213 -1.7583259646 0.0825642144 
H -0.7538789513 -1.7508321378 -0.2278972559 
C -0.340778304 1.0394553717 1.4641814599 
H -0.9508898844 0.3036980923 1.98000692 
H 0.342661909 1.628041558 2.0699711399 
 
TS7b 
  
C 0.1441199382 0.1433921458 -0.1772610746 
C 0.7068223763 0.8407975528 -1.3970831396 
H 0.9320543804 0.1291190851 -2.1924291297 
H 1.6492877162 1.3375144602 -1.1290162785 
H 0.0243701509 1.6028868078 -1.7691893671 
C -1.5652996898 -1.0717422407 -1.3460780743 
H -0.9443728361 -1.6652495321 -2.0100455536 
C 0.7643785502 -1.1755461733 0.232136156 
O 0.4357522638 -1.8333501317 1.2004120258 
O 1.7586576813 -1.5456459303 -0.6041011157 
C 2.4236018252 -2.7813427692 -0.2777639959 
H 3.1860729929 -2.9086853196 -1.0465752997 
H 1.7121640214 -3.6112339318 -0.2940825436 
H 2.8786987146 -2.7158725361 0.7137875407 
H -2.0556694743 -0.1980289317 -1.7613978634 
C -0.5794013574 0.7426042588 0.8300144459 
H -0.7515270662 0.168074811 1.7341258985 
H -2.0375708871 -1.572847286 -0.5086478753 
C -1.2197458922 2.0594916227 0.8755397455 
O -1.1579445102 2.8013200517 -0.2695557276 
H -1.6251325996 3.6350564345 -0.0738513414 
O -1.7894572981 2.4850505531 1.868544567 
 
13 
  
C -0.8464005828 1.323205361 0.3183800369 
C -1.1120471071 0.2663965488 -0.4786484068 
H -1.0231708189 0.3767233052 -1.5530254149 
C -1.5288374651 -1.0814449525 -0.0281439101 
O -1.7047916032 -1.4783347728 1.1089511168 
O -1.7091279071 -1.8955984369 -1.105384033 
H -1.9811898296 -2.7663786062 -0.7594265008 
C -0.9137953846 1.3662909873 1.817593395 
A3-21 
 
H -1.6161398179 2.1459216967 2.136339643 
H -1.2162010105 0.4068519284 2.232442239 
H 0.0620518691 1.6556461817 2.2259359588 
C -0.4331611338 2.6268473706 -0.3160077191 
O -0.1781452962 3.6244865499 0.3318935038 
O -0.3719886603 2.5863632011 -1.6629900676 
C 0.0191152579 3.8119206854 -2.3108526182 
H 1.0174738641 4.1123357151 -1.9823153909 
H 0.0136194486 3.5865457743 -3.3773943103 
H -0.6935617526 4.6074367529 -2.0781052414 
 
14 
  
C -0.901585396 1.2616335571 0.2403747727 
C -0.5081277907 2.523688193 -0.4856062138 
  
H -1.2522266434 3.3133894102 -0.3127132652 
H -0.4103998421 2.3709747535 -1.5645352042 
H 0.4471418481 2.9065924386 -0.10090142 
C -1.0948246006 0.1232884595 -0.4623293056 
H -0.9619711019 0.1381439776 -1.5405590195 
C -1.4803405238 -1.1908249974 0.08018564 
O -1.6979602363 -1.5060848512 1.2385587799 
O -1.5807584073 -2.1081895988 -0.9277010383 
H -1.836041895 -2.9514275065 -0.5093776989 
C -1.0449025988 1.4024091197 1.7319821613 
H -1.7882075037 2.1789916026 1.9609714708 
H -1.3388644464 0.4721594463 2.2157323152 
H -0.0948617321 1.7476384358 2.1637691856 
 
15 
 
H -0.2490123145 0.3919285458 0.3180219988 
C -0.0698606434 0.1511926669 1.369482774 
H 1.0104575134 0.0778695639 1.5297417208 
H -0.454147313 0.9660397408 1.9917702508 
C -0.7197626544 -1.1822662818 1.7454972442 
C -0.3942752882 -1.6133016862 3.1720371766 
H 0.6899485557 -1.6521325203 3.3189306635 
H -0.8120979231 -2.602062864 3.385929132 
H -0.81134294 -0.8904187037 3.8809072845 
C -2.2760648858 -1.2575084267 1.4324927851 
H -2.7960630635 -1.7709768534 2.2465826429 
C -2.9329289111 0.1107031306 1.285309805 
O -3.1224393461 0.4954803192 0.0121544769 
H -3.5469339359 1.3747142424 0.0352885491 
O -3.2453207255 0.7797148958 2.2491483298 
O -0.237304595 -2.2309000619 0.8767747747 
O -1.0419701018 -2.0621392424 -0.2885289558 
O -2.3881294279 -2.0904884651 0.2885283473 
 
MECP (singlet) 
 
C -0.91028905 -1.27824995 2.00183549 
H -0.35860151 -2.18663306 2.24614542 
H -0.29125638 -0.41948784 2.24980453 
C -1.28691202 -1.2918677 0.52244374 
C -2.26083602 -2.44964332 0.23928026 
H -1.80706782 -3.38749063 0.56015494 
H -2.50010274 -2.51842133 -0.81999396 
H -3.18852869 -2.3129197 0.79502933 
C -0.0707058 -1.49895339 -0.39643748 
H -0.3625439 -1.37571517 -1.43898319 
A3-22 
 
C 1.15663944 -0.56620029 -0.21289084 
C -1.99112281 0.01650869 0.1666074 
C 0.71996536 0.92098705 -0.24418559 
O 0.26588178 1.42655365 -1.23392543 
O -2.13846162 0.94500344 0.91763117 
O -2.43818077 0.01595598 -1.09243405 
O 0.87583331 1.52303794 0.92059585 
C -2.9940626 1.25309882 -1.54376874 
H -2.2230921 2.02098618 -1.53082487 
H -3.82349384 1.55033845 -0.90635605 
H -3.33460286 1.07143941 -2.55742733 
C 0.40551263 2.8752585 0.9748547 
H 0.91011338 3.47566459 0.22114881 
H 0.64752198 3.22448333 1.97267521 
H -0.6692015 2.88964844 0.80943845 
H -1.809752 -1.23809234 2.61491525 
H 0.31198429 -2.51194982 -0.26415166 
O 1.97929625 -0.80821061 -1.34300655 
O 1.80908016 -0.91209736 0.9150832 
C 3.3373656 -0.69197774 -0.97521127 
H 3.84505965 -0.08684216 -1.74329959 
H 3.80087971 -1.68737723 -0.94806876 
O 3.50305626 -0.06477955 0.20498349 
 
MECP (triplet) 
  
C -0.91028905 -1.27824995 2.00183549 
H -0.35860151 -2.18663306 2.24614542 
H -0.29125638 -0.41948784 2.24980453 
C -1.28691202 -1.2918677 0.52244374 
C -2.26083602 -2.44964332 0.23928026 
H -1.80706782 -3.38749063 0.56015494 
H -2.50010274 -2.51842133 -0.81999396 
H -3.18852869 -2.3129197 0.79502933 
C -0.0707058 -1.49895339 -0.39643748 
H -0.3625439 -1.37571517 -1.43898319 
C 1.15663944 -0.56620029 -0.21289084 
C -1.99112281 0.01650869 0.1666074 
C 0.71996536 0.92098705 -0.24418559 
O 0.26588178 1.42655365 -1.23392543 
O -2.13846162 0.94500344 0.91763117 
O -2.43818077 0.01595598 -1.09243405 
O 0.87583331 1.52303794 0.92059585 
C -2.9940626 1.25309882 -1.54376874 
H -2.2230921 2.02098618 -1.53082487 
H -3.82349384 1.55033845 -0.90635605 
H -3.33460286 1.07143941 -2.55742733 
C 0.40551263 2.8752585 0.9748547 
H 0.91011338 3.47566459 0.22114881 
H 0.64752198 3.22448333 1.97267521 
H -0.6692015 2.88964844 0.80943845 
H -1.809752 -1.23809234 2.61491525 
H 0.31198429 -2.51194982 -0.26415166 
O 1.97929625 -0.80821061 -1.34300655 
O 1.80908016 -0.91209736 0.9150832 
C 3.3373656 -0.69197774 -0.97521127 
H 3.84505965 -0.08684216 -1.74329959 
H 3.80087971 -1.68737723 -0.94806876 
O 3.50305626 -0.06477955 0.20498349 
 
4 [optimised at M06-2X/6-311++G(2d 2p) level of theory] 
 
C -0.6760448812 1.1671170227 2.0305430459 
A3-23 
 
H -0.2956000481 0.7166251804 2.9474304475 
H 0.1545682398 1.6247953747 1.4986623055 
C -1.3694436239 0.1013173335 1.1849897433 
C -2.6089888864 -0.4296528802 1.9220205488 
H -2.3116286164 -0.8100432393 2.8993614185 
H -3.0893907188 -1.2302923723 1.3628416167 
H -3.3341729704 0.3696776779 2.0753840796 
C -0.4533638893 -1.1055418676 0.8941287834 
H -0.941040214 -1.7723894187 0.18381155 
C 0.9280523708 -0.8225161614 0.3246552533 
C -1.8296178626 0.726709248 -0.1302593279 
C 0.8614775473 0.0660832252 -0.9330453866 
O 0.3137174015 -0.3103103292 -1.9335118662 
O -1.5922625066 1.8552424877 -0.4746256911 
O -2.5352454844 -0.1312361146 -0.8716180106 
O 1.4105930396 1.2548934436 -0.7615766273 
C -2.8809908509 0.3350379473 -2.1780146235 
H -1.9720108165 0.5130002593 -2.7490948065 
H -3.4610204564 1.2522978754 -2.1090230526 
H -3.4668353438 -0.4584562703 -2.6289296638 
C 1.2725570003 2.1500922696 -1.8716051967 
H 1.721152934 1.7118201971 -2.7600357381 
H 1.793836084 3.054948354 -1.5807564562 
H 0.2171345035 2.3492757322 -2.0430485558 
H -1.3830085306 1.9535914228 2.2906982713 
H -0.2899182589 -1.6575923913 1.821109347 
O 1.5444419985 -2.0469318747 -0.0360407185 
O 1.766905535 -0.2890267773 1.3220468349 
C 2.837044737 -2.0018688608 0.5261739702 
H 3.5875716682 -2.301015202 -0.2018368684 
H 2.8672435198 -2.6075067299 1.4338772992 
O 3.0547872399 -0.644644602 0.8212882144 
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Detailed computational information 
All  calculations  were  carried  out  with  the  Gaussian  091  computational  suite  as 
mentioned  in  the  computational  methods  section  of  main  manuscript.  Geometry 
optimization of minimum and transition state structures were performed with Truhlar’s 
M11 functional2 and Pople’s double ζ 6‐31+G(d,p) basis set3, 4. Electronic energies were 
further improved with highly‐correlated techniques including the composite G4(MP2)‐
6X  method5  and  benchmark  calculations  with  restricted  coupled  cluster  theory 
RCCSD(T)6  and  Aldrich’s  triple  ζ  def2‐TZVP  basis  set7  (see  Schemes  S1  and  S2).  The 
G4(MP2)‐6X composite method introduced by Chan and Radom constitutes a series of 
single‐point energy calculations and  this composite method was reported  to perform 
close to the G4  level.5 Thermal and entropic corrections  (at 298.15K) were calculated 
using the standard textbook formulae for the statistical thermodynamics of an ideal gas 
under the harmonic oscillator / rigid rotor approximation, and combined with G4(MP2)‐
6X and RCCSD(T) electronic energies to obtain the Gibbs’ free energies.  
 
RCCSD(T) and G4(MP2)‐6X benchmark studies 
In scheme S1, G4(MP2)‐6X and RCCSD(T) free energies for the first O3 C‐H bond oxidation 
elementary step were compared and were found to agree to within 2 to 1 kcal/mol. 
 
Scheme S1. Benchmark for RCCSD(T) and G4(MP2)‐6X. Reaction and activation free energies in kcal/mol 
relative to starting materials for 1st H•••O3 abstraction. 
 
The free energy comparison was subsequently carried out for the following oxidation‐
decomposition  process  in  Scheme  S2.  Both  computational  methods  show  good 
agreement in terms of reaction free energies (ΔG) and free energy barriers (ΔG‡) with 
respect to the starting materials isobutane and ozone. G4(MP2)‐6X thus demonstrates 
excellent accuracy at a much lower computational cost and is suitable to model larger 
molecules. 
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O
HO OO
HO O
H
HO3H +
int-3
O OOH
O
+ OOH
OO
+ OH
TS2b
H O3 HO3+HO3+
int-2(zw) int-2(rad)
O3H
t-Bu hydrotrioxide
(tbh)
GG4(MP2)-6X = -0.1
GCCSD(T) = 2.1
GG4(MP2)-6X = -36.2
GCCSD(T) = -35.0
TS2a
O OHO
not found
GCCSD(T) = 149.8
GG4(MP2)-6X = 141.3
GCCSD(T) = 15.0
GG4(MP2)-6X = 15.8
GG4(MP2)-6X = 11.2
GCCSD(T) = 13.0
GG4(MP2)-6X = -28.5
GCCSD(T) = -26.1
GG4(MP2)-6X = -14.5
GCCSD(T) = -18.1
GG4(MP2)-6X = -17.4
GCCSD(T) = -21.4
GG4(MP2)-6X = -17.3
GCCSD(T) = -15.3
TS1a
 
Scheme S2. Reaction and activation free energies RCCS(T) and G4(MP2)‐6X comparison in kcal/mol for 
subsequent decomposition processes.
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Table S1. Summary of electronic energies at G4(MP2)‐6X and RCCSD(T) 
for isobutane and corrections at M11/6‐31+G(d,p) level of theorya  
Molecule  E[G4(MP2)‐6X]  E[R‐CCSD(T)]  Gcorrection  Hcorrection  ZPE 
O3 (UM11)  ‐225.2517173  ‐225.1412077  ‐0.01673  0.010977  0.007063 
O3 (RM11)  ‐225.25027794  ‐225.1394687  ‐0.01561  0.011986  0.008108 
isobutane  ‐158.2836887  ‐158.1307522  0.104285  0.137582  0.130898 
3O2  ‐150.2056407  ‐150.1345427  ‐0.01593  0.007322  0.004016 
1O2  ‐150.159155  ‐150.086214  ‐0.01491  0.007306  0.004 
int‐1  ‐383.5387362  ‐383.2746868  0.102075  0.150627  0.139233 
TS1a  ‐383.5063889  ‐383.2419171  0.098268  0.14397  0.133301 
TS1b  ‐383.4938832  ‐383.2335612  0.101868  0.144834  0.1349 
TS1c  ‐383.4938553  ‐383.2296506  0.097681  0.143819  0.13337 
TS1d  ‐383.4799593  ‐383.2149485  0.103198  0.146117  0.136529 
tBu*  ‐157.614228  ‐157.4689203  0.086553  0.1235  0.116114 
HOOO*  ‐225.8874482  ‐225.770615  ‐0.00759  0.022959  0.018166 
tBu+  ‐157.3618133  ‐157.2205982  0.088873  0.122653  0.116313 
HOOO‐  ‐225.9402596  ‐225.8045867  ‐0.00943  0.020003  0.015427 
tbh  ‐383.6160309  ‐383.3506463  0.110473  0.152522  0.142811 
TS2a  ‐383.5812724  ‐383.3147384  0.105932  0.149712  0.139445 
alkoxyl  ‐232.7702003  ‐232.5898378  0.092402  0.129492  0.12199 
HOO*  ‐150.7901973  ‐150.713561  ‐0.00757  0.018377  0.014581 
peroxyl  ‐307.8811861  ‐307.6639603  0.095793  0.135499  0.127047 
HO*  ‐75.677227  ‐75.6367208  ‐0.00834  0.011893  0.008589 
int‐3  ‐383.5575773  ‐383.29051  0.109529  0.15157  0.141778 
TS2b  ‐383.5356645  ‐383.2694243  0.105726  0.14727  0.137802 
alkene*  ‐157.0493747  ‐156.9078822  0.080023  0.113764  0.107434 
HO3H  ‐226.530163  ‐226.4044792  0.006291  0.035797  0.031073 
TS3  ‐232.7568672  ‐  0.087749  0.126093  0.118094 
TS4b  ‐383.563509  ‐  0.097626  0.144248  0.133715 
TS4c  ‐391.0461229  ‐  0.209871  0.263302  0.249086 
CH3COCH3  ‐192.9673228  ‐  0.056465  0.088932  0.083401 
CH3*  ‐39.7918915  ‐  0.010446  0.033636  0.029609 
CH3COO*  ‐190.0520411  ‐  0.017639  0.048133  0.04335 
CH3OOH  ‐190.702887  ‐  0.028954  0.060505  0.055049 
H2O assisted C‐H bond oxidation 
int‐1w  ‐459.9236133  ‐  0.120923  0.178128  0.162882 
TS1aw  ‐459.8956889  ‐  0.117653  0.171783  0.157535 
a All values are in Hatrees. 
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Table S2. Summary of electronic energies at G4(MP2)‐6X and RCCSD(T) 
for polymers and corrections at M11/6‐31+G(d,p) level of theorya  
Molecule  E[G4(MP2)‐6X]  Gcorrection  Hcorrection  ZPE 
Poly(propylene) 
pProp  ‐276.0959135 0.182169 0.225993 0.215494 
int‐1  ‐501.3511314 0.182176 0.239344 0.224161 
TS1a  ‐501.3184509 0.178232 0.232697 0.218311 
TS1b  ‐501.3151361 0.179221 0.232805 0.21856 
int‐2(rad)  ‐275.4275169 0.166026 0.212255 0.201204 
hydrotrioxide  ‐501.4266482 0.190211 0.241294 0.227756 
TS2a  ‐501.3936548 0.186504 0.238658 0.224717 
alkoxyl  ‐350.5836698 0.172285 0.21825 0.207036 
TS3a  ‐350.5748085 0.168171 0.21548 0.203859 
TS4(1,4)  ‐350.5542614 0.167167 0.213081 0.202053 
TS4(1,5)  ‐350.5639597 0.168234 0.212684 0.20221 
ROOH  ‐308.5184502 0.108234 0.148155 0.1397 
Poly(styrene) 
pSty  ‐659.1055388 0.279753 0.33931 0.322957 
int‐1  ‐884.3609367 0.277858 0.352478 0.331085 
TS1a  ‐884.3307269 0.277499 0.346096 0.325845 
TS1b  ‐884.3222686 0.274275 0.345535 0.325048 
int‐2(rad)  ‐658.4886002 0.263775 0.325935 0.309209 
hydrotrioxide  ‐884.4308671 0.288034 0.354589 0.335055 
TS2a  ‐884.4000994 0.281453 0.35162 0.331284 
alkoxyl  ‐733.5906644 0.267107 0.331192 0.313716 
TS3a  ‐733.5887919 0.263613 0.3287 0.310963 
CH3COR1  ‐384.4721527 0.105369 0.146805 0.138063 
ROOH  ‐500.0227548 0.155474 0.204528 0.192968 
Poly(methyl acrylate) 
pMA  ‐652.9095891 0.205692 0.26367 0.247666 
int‐1  ‐878.1655805 0.20567 0.276711 0.255939 
TS1a  ‐878.1271106 0.20124 0.269718 0.249651 
TS1b  ‐878.1245935 0.202414 0.270094 0.250246 
int‐2(rad)  ‐652.2518851 0.189014 0.250009 0.233439 
hydrotrioxide  ‐878.2342483 0.214004 0.278442 0.259314 
TS2a  ‐878.2027363 0.207877 0.275299 0.255451 
alkoxyl  ‐727.3922232 0.194801 0.255173 0.238259 
TS3a  ‐727.3884112 0.191885 0.252579 0.235485 
TS3b  ‐727.3903831 0.192334 0.253273 0.236186 
CH3COR1  ‐381.3571702 0.066705 0.1084 0.099574 
ROOH  ‐496.9223281 0.118295 0.16657 0.155132 
CH3COR  ‐499.1877112 0.146117 0.197305 0.184514 
MeOC(O)*  ‐228.1962884 0.022194 0.055059 0.049608 
Poly(methyl methacrylate) 
pMMA  ‐731.4524522 0.260467 0.321866 0.303476 
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int‐1  ‐956.7075732  0.259576 0.334919 0.311635
TS1a  ‐956.6680377  0.256551 0.328126 0.305771
TS1b  ‐956.6617284  0.255709 0.327913 0.30563
int‐2(rad)  ‐730.7804554  0.243982 0.307598 0.288689
hydrotrioxide  ‐956.7681167  0.266731 0.337615 0.316036
TS2a  ‐956.7459715  0.264923 0.334299 0.312462
alkoxyl  ‐805.9367884  0.249716 0.313522 0.294321
TS3a  ‐805.9280227  0.247298 0.311741 0.292351
CH3COR1  ‐459.9041874  0.119631 0.167353 0.155891
ROOH  ‐496.9311446  0.119403 0.166533 0.154997
Poly(vinyl chloride) 
pVC  ‐1115.902945  0.108512 0.152488 0.142788
int‐1  ‐1341.161369  0.10939 0.164459 0.150811
TS1b  ‐1341.116469  0.104468 0.158417 0.144836
TS1a  ‐1341.117936  0.104067 0.158501 0.144814
int‐2(rad)  ‐1115.23479  0.093029 0.138723 0.128671
hydrotrioxide  ‐1341.227407  0.11574 0.166943 0.154102
TS2a  ‐1341.199448  0.112139 0.1644 0.151262
alkoxyl  ‐1190.373457  0.096936 0.143728 0.133039
acetone+Cl*  ‐1190.396785  0.094593 0.144836 0.133219
Cumene 
cumene  ‐349.7872886  0.150873 0.194164 0.184536
TS(1,3dipolar)  ‐575.0183011  0.156958 0.207031 0.194651
primary ozonide  ‐575.0761804  0.16122 0.209938 0.198109
TS1(sp2) step‐
wise  ‐574.9882737  0.14619 0.200034 0.186326
TS1(sp2) 
concerted  ‐575.004643  0.156024 0.205173 0.192945
int‐1  ‐575.0413023  0.149898 0.207169 0.19278
TS1a  ‐575.0133233  0.147982 0.200789 0.18744
int‐1w  ‐651.4269977  0.168078 0.234722 0.216411
TS1aw  ‐651.4031354  0.167257 0.228938 0.211962
Methyl isobutyrate 
ester  ‐346.688496  0.113379 0.15626 0.146699
TS1b  ‐571.8974038  0.108886 0.162467 0.149291
int‐1  ‐571.9441978  0.111641 0.169199 0.154751
TS1a  ‐571.906842  0.10955 0.162444 0.14903
int‐1w  ‐648.3378997  0.135541 0.197238 0.180026
TS1aw  ‐648.2970162  0.130475 0.1903 0.173648
a All values are in Hatrees. 
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Gaussian Archive Files 
isobutane	
O3 (UM11) 
 1\1\GINC-R174\FOpt\UM11\6-31+G(d,p)\O3\ROOT\03-May-2016\0\\# um11/6-31 
 +g(d,p) int=ultrafine opt=(maxcyc=200) scf=(tight,maxcyc=200) nosymm f 
 req=noraman # guess=read geom=allcheck\\Ozone\\0,1\O,2.4378600696,-1.7 
 851809751,-2.2514148225\O,2.0985092599,-1.4419064951,-3.4158974969\O,1 
 .0225166705,-0.7926005298,-3.5139806806\\Version=ES64L-G09RevE.01\HF=- 
 225.333948\S2=0.396948\S2-1=0.\S2A=0.003545\RMSD=3.243e-09\RMSF=7.466e 
 -06\Dipole=0.1340908,-0.0557155,-0.1941272\Quadrupole=-0.3914299,-0.31 
 73377,0.7087676,0.2199179,-1.7232153,1.1465168\PG=CS [SG(O3)]\\@ 
 
O3 (RM11) 
 1\1\GINC-R103\FOpt\RM11\6-31+G(d,p)\O3\ROOT\17-May-2016\0\\# rm11/6-31 
 +g(d,p) int=ultrafine opt=(maxcyc=200) scf=(tight,maxcyc=200) nosymm f 
 req=noraman\\Ozone zwitterionic\\0,1\O,2.4376000977,-1.7834482885,-2.2 
 643362406\O,2.0881154596,-1.437602711,-3.4007344358\O,1.0331704426,-0. 
 7986370005,-3.5162223236\\Version=ES64L-G09RevE.01\HF=-225.3315888\RMS 
 D=8.116e-09\RMSF=1.874e-04\Dipole=0.1691417,-0.0704625,-0.2433572\Quad 
 rupole=-0.4652138,-0.5400865,1.0053003,0.1285932,-2.212187,1.4254932\P 
 G=CS [SG(O3)]\\@ 
 
isobutane 
 1\1\GINC-R136\FOpt\RM11\6-31+G(d,p)\C4H10\ROOT\11-May-2016\0\\# m11/6- 
 31+g(d,p) opt=(maxcyc=200) scf=(tight,maxcyc=200) freq=noraman int=ult 
 rafine\\isobutane\\0,1\C,2.1606142845,-0.9374915788,0.0900842262\H,3.1 
 027496702,-0.657092421,-0.4071585914\C,1.4226515575,0.3159023291,0.571 
 2850787\H,2.4092774249,-1.6040215329,0.9284734685\H,0.4872530024,-0.00 
 01397631,1.0626281934\H,1.5570978302,-1.5068973714,-0.6313982694\C,1.0 
 627477434,1.218137099,-0.6134432446\H,1.9771801147,1.5529303111,-1.128 
 438522\H,0.4394208411,0.6876285385,-1.3476205385\H,0.5158611785,2.1136 
 456032,-0.2848528267\C,2.2687966254,1.0806819344,1.5941683636\H,1.7436 
 726042,1.9737101295,1.9625940193\H,2.5194118616,0.4505689033,2.4596980 
 454\H,3.2136618301,1.4120066717,1.1348788517\\Version=ES64L-G09RevE.01 
 \State=1-A1\HF=-158.3474423\RMSD=2.763e-09\RMSF=5.597e-05\Dipole=-0.04 
 76402,-0.0160962,0.0250243\Quadrupole=0.1606335,-0.1045266,-0.0561069, 
 0.1011344,-0.1572312,-0.0531235\PG=C03V [C3(C1H1),3SGV(C1H1),X(H6)]\\@ 
 
3O2 
 1\1\GINC-R39\FOpt\UM11\6-31+G(d,p)\O2(3)\ROOT\03-Sep-2015\0\\# um11/6- 
 31+G** opt scf=maxcyc=200 # int=ultrafine freq\\O2 (triplet; sigma sym 
 m)\\0,3\O,-0.9915000146,-0.5791204217,0.0024636059\O,-0.8727889854,0.6 
 114364217,0.0011943941\\Version=ES64L-G09RevD.01\State=3-SGG\HF=-150.2 
 668532\S2=2.005862\S2-1=0.\S2A=2.000017\RMSD=9.689e-09\RMSF=1.588e-04\ 
 Dipole=0.,0.,0.\Quadrupole=0.1352511,-0.2746176,0.1393665,-0.0412786,0 
 .000044,0.0004413\PG=D*H [C*(O1.O1)]\\@ 
 
1O2 
 1\1\GINC-R43\FOpt\UM11\6-31+G(d,p)\O2\ROOT\03-Sep-2015\0\\# um11/6-31+ 
 G** opt scf=maxcyc=200 guess=mix # int=ultrafine freq\\O2 (singlet; de 
 lta symm)\\0,1\O,0.,0.,0.5986248719\O,0.,0.,-0.5986248719\\Version=ES6 
 4L-G09RevD.01\HF=-150.2495406\S2=1.003144\S2-1=0.\S2A=0.025158\RMSD=8. 
 358e-09\RMSF=6.713e-05\Dipole=0.,0.,0.\Quadrupole=0.1372345,0.1372345, 
 -0.274469,0.,0.,0.\PG=D*H [C*(O1.O1)]\\@ 
 
int-1 
 1\1\GINC-R136\FOpt\UM11\6-31+G(d,p)\C4H10O3\ROOT\11-May-2016\0\\# um11 
 /6-31+g(d,p) opt=(maxcyc=200) scf=(tight,maxcyc=200) freq=noraman # gu 
 ess=read geom=allcheck int=ultrafine\\Cage 1 intm - isobutane + ozone  
 'diradical'\\0,1\C,2.151987675,-0.9400724649,0.0856225499\H,3.08988525 
 89,-0.6702665083,-0.4250565116\C,1.427379305,0.3198072248,0.568344769\ 
 H,2.4046646075,-1.6033062303,0.9249899828\O,-1.9879986192,0.5411628766 
 ,0.7441910078\O,-1.8233898857,-0.031270714,-0.3655627981\O,-1.30603560 
 22,-1.1795999188,-0.3279239556\H,0.4941930213,0.0085898768,1.068171475 
 \H,1.533044711,-1.5089657879,-0.623740498\C,1.0777486835,1.226254311,- 
 0.6171788301\H,1.9983362056,1.6154421665,-1.0791794731\H,0.5286423142, 
 0.6806863671,-1.3995324442\H,0.4712392299,2.0889080809,-0.3031021944\C 
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 ,2.2760483994,1.080694594,1.5916821771\H,1.760210428,1.9835701943,1.94 
 86297879\H,2.508286744,0.4532744125,2.4638240304\H,3.2298480638,1.3943 
 153397,1.1389301853\\Version=ES64L-G09RevE.01\State=1-A\HF=-383.685682 
 8\S2=0.378274\S2-1=0.\S2A=0.003187\RMSD=3.548e-09\RMSF=6.142e-06\Dipol 
 e=-0.0559394,0.0886134,-0.1538214\Quadrupole=1.0762796,-0.8164141,-0.2 
 598655,0.3104093,0.8033523,-0.3363393\PG=C01 [X(C4H10O3)]\\@ 
 
TS1a 
 1\1\GINC-R115\FTS\UM11\6-31+G(d,p)\C4H10O3\ROOT\11-May-2016\0\\# um11/ 
 6-31+g(d,p) opt=(ts,calcfc,noeigen,maxcyc=200) scf=(tight,maxcyc=200)  
 freq=noraman nosymm # guess=read geom=allcheck int=ultrafine\\TS for O 
 3 sec-H abs of isobutane\\0,1\C,2.3531330292,-0.6822300598,0.018041885 
 4\H,3.2773928187,-0.1154750242,0.2203054283\C,1.1551420152,0.127349875 
 2,0.4823561639\H,2.4245264279,-1.6394796987,0.5513309134\O,-2.17581259 
 87,0.4079972136,0.5872249418\O,-1.7605444966,-0.1670619924,-0.46907680 
 78\O,-0.9371134455,-1.1985023635,-0.2094799926\H,0.1884648761,-0.59214 
 51426,0.2163711699\H,2.3095955428,-0.8820996544,-1.0608358169\C,0.9084 
 577751,1.3822296081,-0.3352550372\H,1.7889460406,2.042579566,-0.266377 
 2523\H,0.7533208547,1.145018845,-1.3975435946\H,0.036742771,1.94042646 
 81,0.0308227757\C,1.0845789121,0.3331583479,1.9846085046\H,1.926300884 
 8,0.9697088157,2.306117848\H,0.1484676341,0.8272362923,2.2749992238\H, 
 1.1594702786,-0.6202281963,2.5243350765\\Version=ES64L-G09RevE.01\HF=- 
 383.6634345\S2=0.760129\S2-1=0.\S2A=0.040475\RMSD=9.598e-09\RMSF=1.344 
 e-05\Dipole=1.160038,0.2693572,0.0408021\Quadrupole=-0.4226648,-0.1850 
 827,0.6077475,0.251036,1.255176,-0.3126791\PG=C01 [X(C4H10O3)]\\@ 
 
TS1b 
 1\1\GINC-R126\FTS\RM11\6-31+G(d,p)\C4H10O3\ROOT\11-May-2016\0\\# m11/6 
 -31+g(d,p) opt=(ts,calcfc,noeigen,maxcyc=200) scf=(tight,maxcyc=200) f 
 req=noraman int=ultrafine\\TS for O3 alpha sec-H abs of isobutane 'zwi 
 tterionic'\\0,1\C,2.0968096056,-0.7454497207,0.1213604063\H,3.06386330 
 03,-0.2563601306,0.3329238127\C,0.9861697253,0.2202625638,0.4890002839 
 \H,2.0564332414,-1.6660311059,0.7189917275\O,-1.7610630604,0.529055742 
 1,0.6095404683\O,-1.6793453601,-0.0602475741,-0.5388800174\O,-0.953132 
 6889,-1.1628823131,-0.3935389821\H,-0.0601468369,-0.696706737,0.149618 
 6\H,2.0759006741,-1.0072023987,-0.9443357892\C,0.7686682098,1.34139580 
 67,-0.4759382514\H,0.3064388902,2.2067623588,0.0139305868\H,1.71018540 
 54,1.6247925633,-0.972014438\H,0.0701696958,1.0344246202,-1.2806633139 
 \C,0.8377827498,0.4693858476,1.968282127\H,0.1256176281,1.2767978336,2 
 .1651590542\H,0.4811508551,-0.4303315378,2.4905253314\H,1.8247515356,0 
 .7228847918,2.3945127838\\Version=ES64L-G09RevE.01\State=1-A\HF=-383.6 
 389478\RMSD=9.600e-09\RMSF=8.692e-06\Dipole=1.6419957,0.1166978,0.0508 
 984\Quadrupole=-1.4022866,0.2632036,1.139083,0.0613595,0.7039998,-0.88 
 24369\PG=C01 [X(C4H10O3)]\\@ 
 
TS1c 
 1\1\GINC-R112\FTS\UM11\6-31+G(d,p)\C4H10O3\ROOT\11-May-2016\0\\# um11/ 
 6-31+g(d,p) opt=(ts,calcfc,noeigen,maxcyc=200) scf=(tight,maxcyc=200)  
 freq=noraman nosymm # guess=read geom=allcheck int=ultrafine\\TS for O 
 3 alpha pri-H abs of isobutane\\0,1\C,-2.2169603974,0.7176122155,-0.48 
 31126047\H,-2.8558316505,0.9994942919,0.3682842174\C,-1.6069960337,-0. 
 6694336612,-0.2589898305\H,-1.4347695817,1.4808660229,-0.5949257351\C, 
 -0.7529896291,-0.6906251128,0.988849673\H,-0.157351416,-1.5974170608,1 
 .1520103902\H,0.1417124657,0.2121500697,0.8195456331\O,1.8047379922,-0 
 .4804355678,-0.9281820611\O,2.0794653751,0.169602139,0.1282313321\O,1. 
 0684891243,1.0094518941,0.49343875\H,-0.9644517328,-0.9198930647,-1.11 
 65826027\H,-1.2523202427,-0.3432732882,1.9038603656\H,-2.8387567659,0. 
 7289729129,-1.3885761122\C,-2.7054814718,-1.7411371714,-0.1350350074\H 
 ,-3.3212810724,-1.7597390085,-1.0450907873\H,-2.2802700951,-2.74334893 
 48,0.0116042486\H,-3.3666230984,-1.5200518958,0.7163129011\\Version=ES 
 64L-G09RevE.01\HF=-383.6534436\S2=0.822628\S2-1=0.\S2A=0.051476\RMSD=9 
 .276e-09\RMSF=1.586e-06\Dipole=-0.9627577,-0.4225768,0.3757911\Quadrup 
 ole=-0.3737807,-0.1294927,0.5032734,0.4575993,0.4666496,-1.0375242\PG= 
 C01 [X(C4H10O3)]\\@ 
 
TS1d 
 1\1\GINC-R130\FTS\RM11\6-31+G(d,p)\C4H10O3\ROOT\11-May-2016\0\\# m11/6 
 -31+g(d,p) opt=(ts,calcfc,noeigen,maxcyc=200) scf=(tight,maxcyc=200) f 
 req=noraman int=ultrafine\\TS for O3 alpha pri-H abs of isobutane 'zwi 
 tterionic'\\0,1\C,-1.8872371741,0.9256777371,-0.3124727219\H,-2.111853 
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 1378,1.4038807505,0.6544666278\C,-1.6477439643,-0.5766618659,-0.122457 
 3807\H,-1.0013697749,1.4129586703,-0.7412021408\C,-0.4884523764,-0.812 
 7712379,0.8177489886\H,-0.0648471886,-1.8187823362,0.8287066671\H,0.40 
 78096144,0.2510950644,0.8401697674\O,1.0103674105,-0.5222481191,-0.878 
 8140734\O,1.938489345,0.0026214837,-0.1678149678\O,1.3737940413,0.9556 
 67153,0.550653807\H,-1.3938925237,-1.0182346734,-1.0969938057\H,-0.702 
 6020748,-0.4803772303,1.8507155693\H,-2.7404622914,1.10406206,-0.98098 
 21716\C,-2.9052291308,-1.2699436786,0.4264657236\H,-3.7473406327,-1.13 
 96384211,-0.267481023\H,-2.7446716284,-2.3471581701,0.5710074956\H,-3. 
 1968706631,-0.8347216066,1.3941897986\\Version=ES64L-G09RevE.01\State= 
 1-A\HF=-383.6289189\RMSD=6.336e-09\RMSF=3.807e-05\Dipole=-0.790008,-0. 
 3484999,0.4247164\Quadrupole=-0.8897278,0.0642369,0.825491,-0.673708,0 
 .4426682,-0.8655736\PG=C01 [X(C4H10O3)]\\@ 
 
tBu* 
 1\1\GINC-R2868\FOpt\UM11\6-31+G(d,p)\C4H9(2)\ROOT\21-May-2016\0\\# m11 
 /6-31+g(d,p) opt=(maxcyc=200) scf=(tight,maxcyc=200) freq=noraman nosy 
 mm int=ultrafine\\tBu*\\0,2\C,0.2953022799,-0.5720545438,-0.2735046495 
 \C,0.8886605054,-1.9082903326,0.0424317354\H,0.47700855,-2.3247466147, 
 0.9730954255\H,0.6768270645,-2.6444187093,-0.7586398454\H,1.9823490228 
 ,-1.8529213269,0.1414841461\C,0.9957671475,0.3009173706,-1.2657894627\ 
 H,0.6538741694,1.3439293417,-1.2003841255\H,2.0858070443,0.2837702534, 
 -1.1223566092\H,0.8045499977,-0.0339090955,-2.3049158853\C,-1.17377210 
 79,-0.379279066,-0.0683993875\H,-1.5175194501,-0.8477712583,0.86507800 
 86\H,-1.4426487323,0.6865566011,-0.0408390678\H,-1.760306551,-0.835948 
 4099,-0.8905314127\\Version=ES64L-G09RevE.01\HF=-157.6869665\S2=0.7534 
 43\S2-1=0.\S2A=0.75001\RMSD=2.422e-09\RMSF=2.840e-05\Dipole=-0.0384581 
 ,-0.0593964,-0.1034543\Quadrupole=0.0579309,0.1393565,-0.1972874,-0.09 
 20459,-0.2125156,-0.1273975\PG=C01 [X(C4H9)]\\@ 
 
HOOO* 
 1\1\GINC-R2413\FOpt\UM11\6-31+G(d,p)\H1O3(2)\ROOT\21-May-2016\0\\# m11 
 /6-31+g(d,p) opt=(maxcyc=200) scf=(tight,maxcyc=200) freq=noraman nosy 
 mm int=ultrafine\\HOOO*\\0,2\O,-0.513163155,-1.0022714882,0.0000000283 
 \H,-0.6864589066,-0.0449357966,-0.0000000929\O,0.9453783499,-0.9985457 
 595,0.0000002136\O,1.3602788617,-2.1732970256,0.0000020211\\Version=ES 
 64L-G09RevE.01\HF=-225.9789802\S2=0.753317\S2-1=0.\S2A=0.750008\RMSD=3 
 .561e-09\RMSF=1.127e-04\Dipole=-0.3058377,0.9999808,-0.0000005\Quadrup 
 ole=0.6260807,-1.8335699,1.2074892,0.0854095,-0.000001,0.0000026\PG=C0 
 1 [X(H1O3)]\\@ 
 
tBu+ 
 1\1\GINC-R426\FOpt\RM11\6-31+G(d,p)\C4H9(1+)\ROOT\21-May-2016\0\\# m11 
 /6-31+g(d,p) opt=(maxcyc=200) scf=(tight,maxcyc=200) freq=noraman nosy 
 mm int=ultrafine\\tBu+\\1,1\C,0.2460726372,-0.6567458074,-0.4319445829 
 \C,0.9809100554,-1.790896523,0.1280065165\H,0.5991013493,-2.0928420515 
 ,1.1120949443\H,0.7346987234,-2.6341148826,-0.5532000732\H,2.068178524 
 2,-1.6661693021,0.119470499\C,0.8867126666,0.2513180042,-1.3824460465\ 
 H,0.3900698687,1.2268878601,-1.4465076979\H,1.9701950446,0.3364579076, 
 -1.2457468822\H,0.7270078329,-0.2408944062,-2.3669322642\C,-1.15600994 
 73,-0.4567305211,-0.0727302381\H,-1.6533448557,-1.366686296,0.28227869 
 61\H,-1.0972605454,0.2343777038,0.7974363338\H,-1.7304324139,0.0718725 
 341,-0.8430502946\\Version=ES64L-G09RevE.01\HF=-157.4372892\RMSD=6.388 
 e-09\RMSF=2.677e-06\Dipole=-0.043669,-0.0473573,-0.0548369\Quadrupole= 
 -0.2041095,0.9661111,-0.7620015,-1.4394275,-1.578949,-0.4022469\PG=C01 
  [X(C4H9)]\\@ 
 
HOOO- 
 1\1\GINC-R3442\FOpt\RM11\6-31+G(d,p)\H1O3(1-)\ROOT\21-May-2016\0\\# m1 
 1/6-31+g(d,p) opt=(maxcyc=200) scf=(tight,maxcyc=200) freq=noraman nos 
 ymm int=ultrafine\\HOOO-\\-1,1\O,-0.6844667786,-0.9634318411,-0.000035 
 1467\H,-0.7259266792,0.0026516855,0.0000406892\O,1.0518828785,-1.01891 
 92651,-0.0000367129\O,1.4645457293,-2.2393506493,0.0000333404\\Version 
 =ES64L-G09RevE.01\HF=-226.029293\RMSD=4.129e-09\RMSF=1.523e-04\Dipole= 
 -0.0423275,1.0708941,0.0000324\Quadrupole=0.3938174,-5.692944,5.299126 
 6,4.7014881,-0.0002111,0.0000961\PG=C01 [X(H1O3)]\\@ 
 
tbh 
 1\1\GINC-R114\FOpt\RM11\6-31+G(d,p)\C4H10O3\ROOT\11-May-2016\0\\# m11/ 
 6-31+g(d,p) opt=(maxcyc=200) scf=(tight,maxcyc=200) freq=noraman int=u 
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 ltrafine\\Intm 2 trioxide - secondary H abstr.\\0,1\C,-0.6547118681,1. 
 4974989882,-0.0827945373\H,-1.5964351875,2.0434679088,-0.2345748673\C, 
 -0.9615097555,0.1157658756,0.4884581077\H,-0.0178391162,2.0670353662,0 
 .6063325759\O,0.2741304522,-0.5825908559,0.8234644081\O,1.0607916205,- 
 0.7322966414,-0.328606057\O,2.0048030282,0.3140429406,-0.3294317445\H, 
 2.7031070048,-0.0360328096,0.2471040115\H,-0.1371838165,1.4173879604,- 
 1.047119495\C,-1.7619354332,-0.7357738912,-0.4940323545\H,-1.953235257 
 5,-1.730167809,-0.0688732903\H,-2.7249905162,-0.2530242361,-0.71063562 
 51\H,-1.2121424969,-0.8524659133,-1.4367253958\C,-1.6543590655,0.20952 
 03474,1.8446164234\H,-1.0501299632,0.8003963166,2.5454209913\H,-2.6317 
 7285,0.6956591896,1.7244672171\H,-1.8089361796,-0.7918917767,2.2674938 
 816\\Version=ES64L-G09RevE.01\State=1-A\HF=-383.7812693\RMSD=7.063e-09 
 \RMSF=6.187e-06\Dipole=-0.2341501,0.2171142,0.31686\Quadrupole=4.04070 
 75,-2.0278498,-2.0128577,-0.5535801,1.6096586,0.5071278\PG=C01 [X(C4H1 
 0O3)]\\@ 
 
TS2a 
 1\1\GINC-R144\FTS\UM11\6-31+G(d,p)\C4H10O3\ROOT\11-May-2016\0\\# um11/ 
 6-31+g(d,p) opt=(ts,calcfc,noeigen,maxcyc=200) scf=(tight,maxcyc=200)  
 freq=noraman nosymm # guess=read geom=allcheck int=ultrafine\\TS for t 
 ert-CO---OOH cleavage\\0,1\C,-0.6403924823,1.3991242736,0.0222998008\H 
 ,-1.4253340818,2.074236147,0.3917820432\C,-0.9546949893,-0.0482268787, 
 0.4144169146\H,0.3205677234,1.7091307564,0.4528775203\O,-0.0702969116, 
 -0.9428617276,-0.1978280099\O,1.7959365584,-0.3726139077,0.490527312\O 
 ,2.3249904611,0.2999770329,-0.5142054997\H,2.7400213426,-0.3704632393, 
 -1.0864763\H,-0.5778822217,1.4878830565,-1.0706717648\C,-2.3165950415, 
 -0.4805214251,-0.1802832004\H,-2.528549185,-1.5283062456,0.0666554085\ 
 H,-3.1013883607,0.1559322986,0.250882254\H,-2.3161623962,-0.3593822089 
 ,-1.2708556606\C,-0.9518823502,-0.2398308711,1.9338919534\H,0.03626231 
 29,0.0166332724,2.3377878809\H,-1.70388296,0.4086018428,2.4055341596\H 
 ,-1.1743232883,-1.2857206864,2.1832803481\\Version=ES64L-G09RevE.01\HF 
 =-383.7389648\S2=0.791885\S2-1=0.\S2A=0.022397\RMSD=2.928e-09\RMSF=2.5 
 27e-06\Dipole=-0.04989,0.1426274,-0.3268845\Quadrupole=3.7887498,-3.36 
 99144,-0.4188354,-1.6224616,-3.5525253,0.7677753\PG=C01 [X(C4H10O3)]\\ 
 @ 
 
tBuO* 
 1\1\GINC-R2861\FOpt\UM11\6-31+G(d,p)\C4H9O1(2)\ROOT\21-May-2016\0\\# m 
 11/6-31+g(d,p) opt=(maxcyc=200) scf=(tight,maxcyc=200) freq=noraman no 
 symm int=ultrafine\\tBuO*\\0,2\C,0.9420208907,0.1270401246,-0.02733962 
 55\C,1.4432161479,-1.3228851071,0.0053702336\H,1.0708281244,-1.8303899 
 84,0.9044594586\H,1.1010904519,-1.8701964852,-0.8841424199\H,2.5411842 
 087,-1.3435626354,0.0231370472\C,1.4431286164,0.8803088472,-1.26685115 
 36\H,1.070484312,1.9125818015,-1.2567392182\H,2.5410827765,0.906140042 
 9,-1.2759073344\H,1.1009274265,0.3834172996,-2.185440457\C,-0.60908134 
 99,0.1558470499,0.0224484994\H,-0.972635075,-0.3593235253,0.9198170261 
 \H,-0.9726052112,1.1905638472,0.0253781155\H,-0.9896401021,-0.35918546 
 13,-0.8699459352\O,1.3040011033,0.7955203052,1.1300750035\\Version=ES6 
 4L-G09RevE.01\HF=-232.876692\S2=0.752922\S2-1=0.\S2A=0.750006\RMSD=8.3 
 37e-09\RMSF=2.957e-05\Dipole=-0.3325403,-0.4159532,-0.720158\Quadrupol 
 e=0.684248,0.1934727,-0.8777208,-1.2548273,-2.0169146,-1.3167036\PG=C0 
 1 [X(C4H9O1)]\\@ 
 
HOO* 
 1\1\GINC-R2418\FOpt\UM11\6-31+G(d,p)\H1O2(2)\ROOT\21-May-2016\0\\# m11 
 /6-31+g(d,p) opt=(maxcyc=200) scf=(tight,maxcyc=200) freq=noraman nosy 
 mm int=ultrafine\\HOO*\\0,2\O,-1.2306158564,-0.7036090471,0.\H,-1.5271 
 110676,0.2260132286,0.\O,0.080580664,-0.6700998716,0.\\Version=ES64L-G 
 09RevE.01\HF=-150.8565998\S2=0.752816\S2-1=0.\S2A=0.750005\RMSD=2.773e 
 -09\RMSF=8.469e-05\Dipole=-0.6032346,0.7408704,0.\Quadrupole=1.3376441 
 ,-1.162277,-0.1753671,-1.5625273,0.,0.\PG=CS [SG(H1O2)]\\@ 
 
tBuOO* 
 1\1\GINC-R217\FOpt\UM11\6-31+G(d,p)\C4H9O2(2)\ROOT\21-May-2016\0\\# m1 
 1/6-31+g(d,p) opt=(maxcyc=200) scf=(tight,maxcyc=200) freq=noraman nos 
 ymm int=ultrafine\\tBuOO*\\0,2\C,0.8872531166,0.1168909583,-0.07646168 
 44\C,1.4465004482,-1.2949488846,0.0218043514\H,1.0874984793,-1.7900742 
 456,0.9335770992\H,1.1209316636,-1.8817164725,-0.8472515534\H,2.544052 
 1348,-1.27533573,0.0403242735\C,1.4315950825,0.8779183203,-1.27848903\ 
 H,1.0687067811,1.9130027665,-1.2684213715\H,2.529707523,0.8842118073,- 
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 1.2656870705\H,1.0939703494,0.3924470958,-2.2040050736\C,-0.6344230276 
 ,0.1474182367,-0.013512755\H,-0.9930429186,-0.3624227783,0.8906561921\ 
 H,-0.9933045106,1.1839068092,-0.0047336411\H,-1.0486055962,-0.36406537 
 07,-0.8927647446\O,1.4058770788,0.7707713355,1.1480575799\O,1.02932255 
 57,2.0095338121,1.2492556278\\Version=ES64L-G09RevE.01\HF=-308.0229008 
 \S2=0.752953\S2-1=0.\S2A=0.750005\RMSD=2.395e-09\RMSF=2.242e-05\Dipole 
 =-0.244355,-0.8473799,-0.8885811\Quadrupole=1.2912754,-1.0561577,-0.23 
 51176,-1.8830886,-2.4254581,-2.6141462\PG=C01 [X(C4H9O2)]\\@ 
 
HO* 
 1\1\GINC-R2886\FOpt\UM11\6-31+G(d,p)\H1O1(2)\ROOT\21-May-2016\0\\# m11 
 /6-31+g(d,p) opt=(maxcyc=200) scf=(tight,maxcyc=200) freq=noraman nosy 
 mm int=ultrafine\\HO*\\0,2\O,-1.2226999549,-0.6922980131,0.\H,-1.54888 
 24151,0.2288128331,0.\\Version=ES64L-G09RevE.01\HF=-75.7068908\S2=0.75 
 1333\S2-1=0.\S2A=0.750001\RMSD=7.912e-09\RMSF=1.191e-05\Dipole=-0.2541 
 351,0.7176464,0.\Quadrupole=0.6384776,-0.8707415,0.2322639,-1.9504136, 
 0.0000001,0.\PG=C*V [C*(H1O1)]\\@ 
 
int-3 
 1\1\GINC-R222\FOpt\RM11\6-31+G(d,p)\C4H10O3\ROOT\17-May-2016\0\\# m11/ 
 6-31+g(d,p) opt=(maxcyc=200) scf=(tight,maxcyc=200) freq=noraman nosym 
 m\\Intm 2 'oxonium' - Me3C-O+(O-)OH\\0,1\C,-1.7304395586,-0.7528888842 
 ,-0.2754857629\H,-2.70151719,-0.294201434,-0.5053056065\C,-0.646763144 
 2,0.2883578616,-0.4971523851\H,-1.5820495337,-1.6133654211,-0.94097427 
 96\O,0.7629892192,-0.9940002458,0.9939223967\O,0.646008444,-0.52884346 
 39,-0.2876660963\O,1.7687295611,0.3978818038,-0.5097326004\H,2.2115727 
 913,0.2022538929,0.3422325448\H,-1.7199852479,-1.0981569401,0.76371330 
 9\C,-0.6715143159,1.4051847135,0.5239509268\H,0.0952335187,2.158139383 
 3,0.3073885234\H,-1.6590558847,1.8842880616,0.4835849348\H,-0.51420755 
 23,0.9901745633,1.5264778634\C,-0.5657824687,0.758756134,-1.9381320138 
 \H,-1.5157596224,1.2462624298,-2.1953108533\H,0.2485281257,1.478746258 
 2,-2.0756205085\H,-0.4173474116,-0.0919727929,-2.6161979326\\Version=E 
 S64L-G09RevE.01\HF=-383.7228295\RMSD=2.386e-09\RMSF=2.240e-05\Dipole=- 
 0.8223154,0.93678,-0.6334768\Quadrupole=2.4885633,-1.6643914,-0.824171 
 9,1.2260597,1.4366646,1.7812288\PG=C01 [X(C4H10O3)]\\@ 
 
TS2b 
 1\1\GINC-R2437\FTS\RM11\6-31+G(d,p)\C4H10O3\ROOT\17-May-2016\0\\# m11/ 
 6-31+g(d,p) opt=(ts,calcfc,noeigen,cartesian,maxcyc=200) scf=(tight,ma 
 xcyc=200) freq=noraman nosymm\\TS for int2oxo-zw HOOO* H abstr. formin 
 g isobutene\\0,1\C,-1.737129969,-0.8960800478,0.3473118581\H,-2.785445 
 8746,-0.8691044847,0.0118070693\C,-0.8997249028,-0.1220695431,-0.62839 
 18082\H,-1.4168214718,-1.9433401344,0.406691717\O,0.9859657994,0.58226 
 60142,1.1714715742\O,0.8338724318,-0.5092996623,0.4146295063\O,1.86123 
 23713,-0.461611265,-0.6209795724\H,2.5663368758,-0.0385204727,-0.09918 
 71292\H,-1.68070689,-0.440660168,1.3445528918\C,-0.8534456114,1.297549 
 4646,-0.4993377858\H,-0.5610706055,1.8530127411,-1.3944995574\H,-1.691 
 0319696,1.7414597244,0.0495576914\H,0.0473119344,1.3490200049,0.323760 
 4896\C,-0.538979351,-0.8042135565,-1.9105366698\H,-1.4617331313,-0.894 
 4170535,-2.5066510555\H,0.1959426308,-0.227152518,-2.4813078866\H,-0.1 
 473243566,-1.8134062728,-1.7297895527\\Version=ES64L-G09RevE.01\HF=-38 
 3.7001812\RMSD=5.019e-09\RMSF=3.238e-05\Dipole=-0.9021153,-0.1500405,- 
 0.8313383\Quadrupole=3.0252109,-0.6585621,-2.3666489,1.0064995,-0.4773 
 477,-0.6882469\PG=C01 [X(C4H10O3)]\\@ 
 
alkene 
 1\1\GINC-R2868\FOpt\RM11\6-31+G(d,p)\C4H8\ROOT\21-May-2016\0\\# m11/6- 
 31+g(d,p) opt=(maxcyc=200) scf=(tight,maxcyc=200) freq=noraman nosymm  
 int=ultrafine\\iso-butene\\0,1\C,-0.0168200271,-1.0542326423,-0.014534 
 006\C,0.6512942923,0.0879653758,-0.1902351097\H,0.128206146,1.03577770 
 61,-0.3316745036\H,1.7427809802,0.1118675107,-0.1981879302\C,-1.523750 
 4473,-1.1113169238,-0.0001584913\H,-1.8928388799,-1.78181212,-0.791089 
 8532\H,-1.8861949268,-1.5157203621,0.9571535869\H,-1.9693545786,-0.120 
 1708412,-0.1494101664\C,0.6843650324,-2.3746873251,0.1829748785\H,0.39 
 91480876,-2.8235255762,1.1465877537\H,0.3919672683,-3.0889758016,-0.60 
 16554532\H,1.775321113,-2.2626278602,0.1614765845\\Version=ES64L-G09Re 
 vE.01\HF=-157.1188564\RMSD=7.866e-09\RMSF=7.513e-06\Dipole=-0.1138533, 
 -0.1946208,0.0299826\Quadrupole=0.4641633,1.0378638,-1.5020271,0.10027 
 15,0.0145431,-0.3272922\PG=C01 [X(C4H8)]\\@ 
 
A4-13 
 
       
HOOOH 
 1\1\GINC-R1091\FOpt\RM11\6-31+G(d,p)\H2O3\ROOT\20-May-2016\0\\# m11/6- 
 31+g(d,p) opt=(maxcyc=200) scf=(tight,maxcyc=200) freq=noraman nosymm  
 int=ultrafine\\HOOOH\\0,1\O,0.3313655758,1.0174316541,-0.521925415\H,- 
 0.2590767667,1.0759782386,0.2476526669\O,1.6078224889,1.0746270178,0.0 
 579195284\O,1.912720237,-0.2180830594,0.5103827388\H,2.2263079149,-0.6 
 61412231,-0.2954774391\\Version=ES64L-G09RevE.01\HF=-226.6199243\RMSD= 
 7.184e-09\RMSF=1.565e-05\Dipole=-0.2534487,-0.3522719,-0.0332152\Quadr 
 upole=1.1728083,-0.1295075,-1.0433008,-2.9177172,-2.665864,1.8674956\P 
 G=C01 [X(H2O3)]\\@ 
 
TS3 
 1\1\GINC-R81\FTS\UM11\6-31+G(d,p)\C4H9O1(2)\ROOT\31-May-2016\0\\# m11/ 
 6-31+g(d,p) opt=(ts,calcfc,noeigen,maxcyc=200) int=ultrafine scf=(tigh 
 t,maxcyc=300) freq=noraman\\tBuO beta scission\\0,2\C,-0.680636591,1.7 
 664339963,-0.2383086566\H,-1.3869975106,2.1388382144,0.5039136324\C,-0 
 .9269493918,-0.3223422968,-0.0210696315\H,0.3786640626,1.8549504236,-0 
 .0050789563\O,-0.1009412002,-0.6698745594,-0.8867588462\H,-0.954173220 
 4,1.8790389382,-1.2856130406\C,-2.4203420626,-0.3901032481,-0.33765957 
 22\H,-2.7444136258,-1.4311023582,-0.1886830833\H,-3.019676329,0.251152 
 7315,0.321043858\H,-2.5930047622,-0.1254505449,-1.3868833729\C,-0.5533 
 191437,-0.423495747,1.4571762735\H,-1.1760657255,0.2180597377,2.093488 
 8741\H,-0.7086400172,-1.4675437743,1.7681961654\H,0.5065715173,-0.1807 
 315129,1.5929113562\\Version=ES64L-G09RevE.01\State=2-A\HF=-232.850482 
 6\S2=0.769086\S2-1=0.\S2A=0.750065\RMSD=6.214e-09\RMSF=9.823e-07\Dipol 
 e=-0.7568834,0.6662461,0.7997485\Quadrupole=-0.4265484,1.0615804,-0.63 
 50319,1.6254588,1.8726433,-1.6961062\PG=C01 [X(C4H9O1)]\\@ 
 
TS4b 
 1\1\GINC-R173\FTS\UM11\6-31+G(d,p)\C4H10O3(3)\ROOT\31-May-2016\0\\# um 
 11/6-31+g(d,p) opt=(ts,calcfc,noeigen,maxcyc=200) scf=(tight,maxcyc=20 
 0) freq=noraman int=ultrafine\\TS for H tranfer HOO* to CO*: cage3b (t 
 riplet)\\0,3\C,-0.0946226811,-0.2381215032,0.4406032563\H,0.2281889326 
 ,-0.3986441047,1.4779930246\C,1.1689345047,0.1249070967,-0.3957356275\ 
 H,-0.8206571955,0.5822924406,0.40424856\O,0.6482543635,0.2615789656,-1 
 .677983046\O,1.5367054252,2.9160057724,-2.7464993121\O,1.928563488,1.7 
 484291213,-3.1006932804\H,1.3282008394,1.063829741,-2.5374664404\H,-0. 
 5555370032,-1.154135499,0.0531417586\C,2.1732005627,-1.0342901004,-0.3 
 525670609\H,3.0412962638,-0.8024034484,-0.9847600237\H,2.525607391,-1. 
 1944699831,0.6755393605\H,1.7052530442,-1.9556426368,-0.7215788777\C,1 
 .7736155065,1.4383720951,0.1108319066\H,2.0450639876,1.34398151,1.1709 
 394932\H,2.6809633038,1.6895956074,-0.4559621444\H,1.0553872666,2.2602 
 929254,-0.0073425467\\Version=ES64L-G09RevE.01\State=3-A\HF=-383.74150 
 01\S2=2.009733\S2-1=0.\S2A=2.000047\RMSD=9.603e-09\RMSF=2.159e-06\Dipo 
 le=-0.0127962,-0.8821143,1.3015437\Quadrupole=1.3550265,-1.3746072,0.0 
 195807,-0.66483,-0.0223413,1.6077575\PG=C01 [X(C4H10O3)]\\@ 
 
TS4c 
 1\1\GINC-R2399\FTS\UM11\6-31+G(d,p)\C8H19O1(2)\ROOT\22-May-2016\0\\# u 
 m11/6-31+g(d,p) opt=(ts,calcfc,noeigen,maxcyc=200) scf=maxcyc=200 freq 
 =noraman int=ultrafine\\tBuO* H abstraction from isobutane\\0,2\C,-1.4 
 314361974,-0.0354432957,-0.0136969142\O,-0.3689516778,-0.931387789,-0. 
 2538323048\C,-2.6894534243,-0.8767522504,-0.3002282132\C,-1.4269518741 
 ,0.4274617101,1.4479826693\C,-1.358735888,1.1595454706,-0.9703676345\H 
 ,-3.5857123079,-0.2561024168,-0.159588434\H,-2.6696920262,-1.246909735 
 9,-1.3332832103\H,-2.735025599,-1.7347320877,0.3825986049\H,-0.5509253 
 158,1.0634407553,1.6437307807\H,-2.3300322791,1.0110099185,1.676702052 
 5\H,-1.3828838366,-0.4429379568,2.1169878078\H,-2.2202616442,1.8285365 
 195,-0.8316353537\H,-0.4416323309,1.7374773684,-0.7858406717\H,-1.3445 
 763141,0.8075219766,-2.0104600138\H,0.8152149052,-0.2948473841,0.11111 
 40265\C,1.948195368,-0.0501885498,0.4315134462\C,2.7546580645,-0.91026 
 03853,-0.5303448097\C,2.2054463112,1.43943694,0.2581104022\H,3.8312808 
 333,-0.8265167987,-0.3065161211\H,2.5962739864,-0.5971240699,-1.571311 
 7639\H,2.4671064978,-1.966933204,-0.4431432613\H,2.0641954202,1.754150 
 8629,-0.7854335454\H,3.2461949377,1.6719297188,0.5394895798\H,1.547571 
 0105,2.0454111914,0.8986587389\C,2.0677552925,-0.5168726231,1.87517137 
 16\H,1.4713948811,0.1074777042,2.5552683162\H,1.7319105286,-1.55798330 
 65,1.9785132487\H,3.1190726783,-0.4624082826,2.203841206\\Version=ES64 
 L-G09RevE.01\State=2-A\HF=-391.2159024\S2=0.757408\S2-1=0.\S2A=0.75002 
 3\RMSD=6.932e-09\RMSF=6.771e-07\Dipole=-0.0421196,0.5099011,0.226712\Q 
A4-14 
 
       
 uadrupole=2.870811,-1.938324,-0.932487,-0.3672687,0.1674941,-0.679903\ 
 PG=C01 [X(C8H19O1)]\\@ 
 
CH3COCH3 
 1\1\GINC-R86\FTS\RM11\6-31+G(d,p)\C3H6O1\ROOT\31-May-2016\0\\# m11/6-3 
 1+g(d,p) opt=(ts,calcfc,noeigen,maxcyc=200) int=ultrafine scf=(tight,m 
 axcyc=300) freq=noraman\\acetone\\0,1\C,-0.9416881546,-0.3466152506,-0 
 .0195093833\O,-0.1141931248,-0.1468435907,-0.8855362239\C,-2.417003753 
 2,-0.4716959149,-0.3422172118\H,-2.7910313811,-1.4517130265,-0.0136926 
 136\H,-2.9869456132,0.2926614937,0.204731657\H,-2.5736106632,-0.354575 
 4595,-1.4187747768\C,-0.5508712155,-0.4833554458,1.4381946392\H,-1.063 
 3353506,0.2825515392,2.0373746629\H,-0.8703181029,-1.4625394279,1.8221 
 102138\H,0.5328794697,-0.3765139469,1.5444359848\\Version=ES64L-G09Rev 
 E.01\State=1-A\HF=-193.055583\RMSD=8.129e-09\RMSF=7.755e-06\Dipole=-0. 
 8901791,-0.2149193,0.9316303\Quadrupole=-0.3914899,0.979184,-0.5876942 
 ,-0.4303203,2.1467833,0.4472404\PG=C01 [X(C3H6O1)]\\@ 
 
CH3* 
 1\1\GINC-R197\FOpt\UM11\6-31+G(d,p)\C1H3(2)\ROOT\02-Jun-2016\0\\# m11/ 
 6-31+g(d,p) opt=(maxcyc=200) int=ultrafine scf=(tight,maxcyc=300) freq 
 =noraman\\H3C*\\0,2\C,0.0818016349,-0.72932329,0.\H,-1.0035918008,-0.7 
 2932329,0.\H,0.624472363,0.2106751276,0.\H,0.624472363,-1.6693217076,0 
 .\\Version=ES64L-G09RevE.01\State=2-B1\HF=-39.8057247\S2=0.752387\S2-1 
 =0.\S2A=0.750004\RMSD=1.326e-09\RMSF=1.043e-05\Dipole=-0.0000038,0.,0. 
 \Quadrupole=0.5341657,0.5343526,-1.0685184,0.,0.,0.\PG=C02V [C2(H1C1), 
 SGV(H2)]\\@ 
 
CH3OO* 
 1\1\GINC-R197\FOpt\UM11\6-31+G(d,p)\C1H3O2(2)\ROOT\02-Jun-2016\0\\# m1 
 1/6-31+g(d,p) opt=(maxcyc=200) int=ultrafine scf=(tight,maxcyc=300) fr 
 eq=noraman\\H3COO*\\0,2\C,-0.0110216407,0.8289442451,-0.018832786\H,0. 
 3858133426,-0.1891471241,0.0414259257\H,0.3659936909,1.3519527463,-0.9 
 052622568\H,-1.1070086232,0.8311899384,-0.0032395114\O,0.4694611198,1. 
 5075397579,1.1575671753\O,0.0537709921,2.7402834616,1.1904427903\\Vers 
 ion=ES64L-G09RevE.01\State=2-A"\HF=-190.1391272\S2=0.752888\S2-1=0.\S2 
 A=0.750005\RMSD=8.768e-09\RMSF=5.068e-05\Dipole=-0.1738726,-0.873713,- 
 0.7883526\Quadrupole=0.1500093,-0.1913626,0.0413532,0.3664319,-0.34840 
 64,0.203333\PG=CS [SG(C1H1O2),X(H2)]\\@ 
 
CH3OOH 
 1\1\GINC-R216\FOpt\UM11\6-31+G(d,p)\C1H4O2\ROOT\03-Jun-2016\0\\# um11/ 
 6-31+g(d,p) opt=(maxcyc=200) int=ultrafine scf=(tight,maxcyc=300) freq 
 =noraman\\H3COOH\\0,1\C,-0.9667720845,-0.4609032749,-0.0000170784\H,-1 
 .9557592454,0.011876045,-0.0000216217\H,-0.8374599743,-1.0774108381,0. 
 9017740966\H,-0.8373786264,-1.0773613046,-0.9018272875\O,-0.0474281285 
 ,0.6128558428,0.0000706861\O,1.2403895494,-0.0133160199,0.0002071519\H 
 ,1.8142844797,0.7660033298,-0.001940667\\Version=ES64L-G09RevE.01\Stat 
 e=1-A\HF=-190.7800077\S2=0.\S2-1=0.\S2A=0.\RMSD=3.576e-09\RMSF=4.444e- 
 05\Dipole=-0.1322535,0.0338437,-0.0016635\Quadrupole=2.415525,-0.86834 
 92,-1.5471758,2.6820703,-0.0063029,-0.0030975\PG=C01 [X(C1H4O2)]\\@ 
 
int-1w 
 1\1\GINC-R227\FOpt\UM11\6-31+G(d,p)\C4H12O4\ROOT\26-Jun-2016\0\\# um11 
 /6-31+g(d,p) opt=(maxcyc=200) int=ultrafine scf=(tight,maxcyc=300) fre 
 q=noraman # guess=read geom=allcheck\\i-Butane + H2O + O3 complex\\0,1 
 \C,1.1005493273,-1.493096178,0.7539285861\H,1.6224501583,-2.2962279135 
 ,0.2095398806\C,1.4863060982,-0.1270271979,0.1782915561\H,1.370967291, 
 -1.5746833679,1.8166701945\O,-0.8002230773,2.3576681918,0.0531563518\O 
 ,-1.5311087,1.3371167355,0.027661434\O,-1.5556744337,0.648654199,1.082 
 5960364\H,0.9711581655,0.6519374573,0.7666087652\H,0.0198356715,-1.670 
 0619826,0.6516656885\C,1.0384332163,-0.0209375377,-1.283719721\H,1.598 
 0236973,-0.7437341231,-1.8987742846\H,-0.0309263777,-0.2546865779,-1.3 
 976415396\H,1.2293037499,0.9831063512,-1.6914169428\C,2.9934513987,0.1 
 143116946,0.3055519105\H,3.2763572888,1.0992702764,-0.0927949353\H,3.3 
 215031003,0.0628854655,1.3537658897\H,3.550562851,-0.6496330796,-0.259 
 5913922\H,-2.5541305008,-1.2583236671,0.0276863979\O,-2.2706304445,-1. 
 2556473695,-0.8936135425\H,-2.65869848,-2.0266193765,-1.318649333\\Ver 
 sion=ES64L-G09RevE.01\State=1-A\HF=-460.0961423\S2=0.346492\S2-1=0.\S2 
 A=0.002586\RMSD=6.137e-09\RMSF=4.845e-06\Dipole=-0.7177686,-0.6115562, 
 0.1010509\Quadrupole=2.3605968,0.5545603,-2.9151571,3.74491,-0.4378486 
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 ,0.9455786\PG=C01 [X(C4H12O4)]\\@ 
 
TS1aw 
 1\1\GINC-R122\FTS\UM11\6-31+G(d,p)\C4H12O4\ROOT\28-Jun-2016\0\\# um11/ 
 6-31+g(d,p) opt=(ts,calcfc,noeigen,maxcyc=200) scf=(tight,maxcyc=200)  
 freq=noraman int=ultrafine # guess=read geom=allcheck\\TS for O3---H2O 
  tertiary H abstraction\\0,1\C,0.8957862136,0.9667750985,-1.2769285743 
 \H,1.5267569641,1.8650687973,-1.3884792651\C,1.3360804122,0.2086204025 
 ,-0.0355422686\H,1.0127673074,0.359513639,-2.184652664\O,-0.1810292922 
 ,-1.871472632,0.2260185777\O,-1.355802991,-1.2740004632,0.403546322\O, 
 -1.9130057125,-0.9368191315,-0.6941478945\H,0.6884419632,-0.8214582293 
 ,-0.0337255813\H,-0.1478013098,1.2965975024,-1.1895387975\C,0.92832745 
 51,0.8781720258,1.2632517703\H,1.4579834761,1.8413794785,1.3555403989\ 
 H,-0.1492309784,1.0960517923,1.2764577166\H,1.1921966044,0.2609980129, 
 2.1331053586\C,2.7777868068,-0.2686476405,-0.0735683454\H,3.0154206413 
 ,-0.9045044119,0.7898383462\H,2.9948943213,-0.8258061251,-0.9947770393 
 \H,3.4492597953,0.6056223,-0.0429416881\H,-2.6071059383,0.9239820517,- 
 0.1545849994\O,-2.212163172,1.7376931445,0.1870898646\H,-2.9213115665, 
 2.3734043878,0.3207337625\\Version=ES64L-G09RevE.01\State=1-A\HF=-460. 
 0764921\S2=0.714073\S2-1=0.\S2A=0.033169\RMSD=9.882e-09\RMSF=1.630e-06 
 \Dipole=0.1303113,0.611448,0.0777964\Quadrupole=5.2522849,-2.4489363,- 
 2.8033486,-2.8975518,-0.6975507,-0.1133551\PG=C01 [X(C4H12O4)]\\@ 
 
Polymers	
Poly(propylene)	
pProp 
 1\1\GINC-R153\FOpt\RM11\6-31+G(d,p)\C7H16\ROOT\03-Apr-2016\0\\# opt=ma 
 xcyc=200 freq=noraman 6-31+g(d,p) nosymm scf=(tight,maxcyc=200) m11\\p 
 oly-Propylene\\0,1\C,1.1990116359,0.3854088171,0.3009965964\C,-0.10852 
 30132,-0.378981976,0.5592630503\H,0.136371375,-1.3155175464,1.09271501 
 67\H,-0.7350058226,0.2133758163,1.2508460993\C,-0.9503008132,-0.723170 
 8676,-0.6794473101\C,2.0968008473,-0.34690427,-0.7020096464\H,3.062758 
 6714,0.1660608095,-0.813194189\H,1.6359763444,-0.413302602,-1.69780908 
 39\H,2.2992794449,-1.3733241201,-0.3558197095\C,-2.2407451615,-1.42983 
 39407,-0.251028947\H,-2.0270975792,-2.324437557,0.351630164\H,-2.83648 
 59312,-1.7392219471,-1.1216536655\H,-2.8622380829,-0.7549406982,0.3583 
 487136\H,-0.3739118399,-1.4210401639,-1.3098873194\H,0.9475045298,1.37 
 5703823,-0.1149486792\C,1.9425346188,0.6017366326,1.6234416462\H,1.312 
 0871712,1.1254888404,2.3565862485\H,2.2326598101,-0.3663726999,2.06149 
 16092\H,2.8585554501,1.1917753534,1.4773070873\C,-1.2766035094,0.52300 
 24625,-1.5097740828\H,-1.7771616111,1.2793919065,-0.8838071246\H,-0.37 
 51072327,0.9845530131,-1.9368772752\H,-1.951899412,0.2764567743,-2.341 
 5663189\\Version=ES64L-G09RevE.01\HF=-276.2133336\RMSD=3.310e-09\RMSF= 
 1.385e-05\Dipole=0.0109355,0.0098152,-0.034891\Quadrupole=-0.2354155,0 
 .3361715,-0.100756,0.0111638,-0.0315231,0.1512625\PG=C01 [X(C7H16)]\\@ 
 
int-1 
 1\1\GINC-R408\FOpt\UM11\6-31+G(d,p)\C7H16O3\ROOT\03-May-2016\0\\# um11 
 /6-31+g(d,p) int=ultrafine opt=(maxcyc=200) scf=(tight,maxcyc=200) nos 
 ymm freq=noraman # guess=read geom=allcheck iop(1/8=1)\\O3 + pPropylen 
 e caged complex\\0,1\C,1.0170120052,0.8979938281,0.8473610848\C,0.5730 
 912458,0.2218007064,-0.4593304874\H,-0.527404372,0.2911652296,-0.54676 
 32822\H,0.9723331303,0.8109191663,-1.3047988423\C,0.9972062011,-1.2438 
 668253,-0.6485332672\C,0.614735882,2.3768287598,0.8301890485\H,0.84419 
 83553,2.8655627871,1.7876694554\H,-0.459273311,2.5008646352,0.63090086 
 18\H,1.1654348427,2.9102222155,0.0394827729\C,0.5961760999,-2.13320653 
 83,0.533699121\H,1.0363038536,-1.7931150767,1.4817163819\H,0.921314726 
 ,-3.170086197,0.3671099592\H,-0.4981693298,-2.1509543045,0.6512890174\ 
 O,-2.3343332899,-0.3600016337,1.372589132\O,-2.2733767443,0.8962109883 
 ,1.4538126275\O,-2.7156395023,-0.8269646773,0.2646627428\H,2.095926181 
 9,-1.2717193528,-0.7420850567\H,0.4971237022,0.4107084475,1.6912038613 
 \C,0.39378537,-1.7915487646,-1.9462819417\H,-0.7061839065,-1.798552609 
 5,-1.8786809816\H,0.6730596736,-1.1731915629,-2.8114964694\H,0.7250890 
 775,-2.8215891614,-2.1405780501\C,2.5274869233,0.7650218791,1.07153357 
 57\H,2.839352201,-0.2807638387,1.2014960892\H,3.0774250618,1.174916555 
 8,0.209121921\H,2.8420549227,1.3228703442,1.9649897262\\Version=ES64L- 
 G09RevE.01\HF=-501.5521161\S2=0.393404\S2-1=0.\S2A=0.003499\RMSD=7.398 
 e-09\RMSF=1.099e-05\Dipole=0.1094162,-0.1309022,0.1744526\Quadrupole=0 
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 .3694201,-0.7814839,0.4120638,0.3194108,-1.437653,-0.5169385\PG=C01 [X 
 (C7H16O3)]\\@ 
 
TS1a 
 1\1\GINC-R155\FTS\UM11\6-31+G(d,p)\C7H16O3\ROOT\03-Apr-2016\0\\# um11/ 
 6-31+g(d,p) int=ultrafine opt=(ts,calcfc,noeigen,maxcyc=200) scf=(tigh 
 t,maxcyc=200) nosymm freq=noraman # guess=read geom=allcheck\\TS for O 
 3 H abstraction of pPropylene (pos. b)\\0,1\C,1.7787191818,-0.84954819 
 8,0.1454916533\C,0.6382498857,-0.6007828446,1.1432967101\C,1.258979164 
 5,-1.3533820862,-1.2055320431\C,-0.4237958597,0.4130738253,0.732953596 
 8\H,1.0698004707,-0.2414021026,2.0974948447\H,2.0952312618,-1.61584093 
 78,-1.8686499949\H,0.6390431374,-2.2533987352,-1.0692569214\H,0.640725 
 7795,-0.6080781971,-1.7243701119\C,-1.4736462906,0.6502586412,1.805257 
 5692\H,-2.3087628303,1.2457234673,1.4134136586\H,-1.8707969168,-0.2977 
 770154,2.192670638\H,-1.0220188793,1.1991628542,2.6484588454\H,0.14734 
 79255,-1.5614450906,1.3784182626\O,-1.9252112425,-0.5358183199,-1.1324 
 322497\O,-1.9984474147,0.5359033213,-1.94412875\O,-2.7244447217,1.4664 
 879414,-1.4665081668\H,-1.0753374358,-0.1367614595,-0.1633310612\H,2.3 
 117970972,0.1025814079,-0.0156175389\C,0.1120576956,1.6903175796,0.107 
 7343738\H,0.8677477596,2.1342057409,0.7780383588\H,0.6003118836,1.5087 
 174001,-0.8605965558\H,-0.6893283237,2.4246829807,-0.0424906029\C,2.77 
 11350758,-1.8530363806,0.7431712374\H,3.1637218429,-1.5060319167,1.709 
 83566\H,2.2810372608,-2.8253197887,0.9073975166\H,3.6228668527,-2.0177 
 11977,0.0687660013\\Version=ES64L-G09RevE.01\HF=-501.5300418\S2=0.7685 
 3\S2-1=0.\S2A=0.041952\RMSD=6.472e-09\RMSF=1.183e-05\Dipole=0.9320637, 
 -0.0237589,0.7562663\Quadrupole=-2.3074447,0.9986218,1.3088229,1.30308 
 58,-2.6924813,0.9952062\PG=C01 [X(C7H16O3)]\\@ 
 
TS1b 
 1\1\GINC-R154\FTS\UM11\6-31+G(d,p)\C7H16O3\ROOT\03-Apr-2016\0\\# um11/ 
 6-31+g(d,p) int=ultrafine opt=(ts,calcfc,noeigen,maxcyc=200) scf=(tigh 
 t,maxcyc=200) nosymm freq=noraman # guess=read geom=allcheck\\TS for O 
 3 H abstraction of pPropylene (pos. a)\\0,1\C,0.838629367,-1.190127556 
 8,0.6926470912\C,0.408935519,0.2594243714,0.5075515481\C,0.8282386236, 
 -1.9999362669,-0.6085780071\C,0.9093928555,1.0424969602,-0.6962968119\ 
 H,0.5104025917,0.8369384199,1.4431765808\H,1.1081140409,-3.0429105754, 
 -0.4063618594\H,-0.1714054985,-2.00337569,-1.0666783453\H,1.5353095382 
 ,-1.6012811314,-1.3489327345\C,0.2307547178,2.4134113448,-0.7738125674 
 \H,0.6016604039,2.9826114976,-1.6371773798\H,-0.8578904952,2.307284248 
 3,-0.8724943475\H,0.4417475074,3.0012236369,0.1332740027\H,-0.84024982 
 58,0.2558785654,0.4215509886\O,-2.1629456043,0.2611023824,0.3237669164 
 \O,-2.4068016519,-0.6866895694,-0.6082459546\O,-2.0161512177,-0.340001 
 1074,-1.7686663377\H,0.6581880196,0.479143409,-1.6080383428\H,1.881579 
 8339,-1.1483623479,1.0608563078\C,-0.0107877991,-1.8709151745,1.774192 
 1165\H,-0.0284892001,-1.2798638744,2.7008824922\H,-1.0491313832,-1.988 
 4285292,1.4306069305\H,0.3834763997,-2.8685659137,2.0099706045\C,2.438 
 5833791,1.1915705395,-0.6095414888\H,2.7217792447,1.7227427647,0.31229 
 94219\H,2.9479261816,0.2175797296,-0.6120602506\H,2.813411732,1.774103 
 0772,-1.4625685137\\Version=ES64L-G09RevE.01\HF=-501.5272227\S2=0.7830 
 74\S2-1=0.\S2A=0.045124\RMSD=6.630e-09\RMSF=3.582e-06\Dipole=1.0679669 
 ,-0.0316101,0.4228774\Quadrupole=-1.7193047,1.8759384,-0.1566336,0.153 
 3276,-0.9796533,-0.8046329\PG=C01 [X(C7H16O3)]\\@ 
int-2(rad) 
 1\1\GINC-R823\FOpt\UM11\6-31+G(d,p)\C7H15(2)\ROOT\10-Jun-2016\0\\# um1 
 1/6-31+g(d,p) opt=maxcyc=200 scf=(tight,maxcyc=200) freq=noraman int=u 
 ltrafine\\pPropylene-C* (tertiary)\\0,2\C,1.913206028,-1.2188300554,0. 
 0851928402\H,3.0195853649,-1.1528601647,0.0961349053\C,1.2865355363,0. 
 090325047,0.4545536034\H,1.6424725611,-2.0252242673,0.7831719401\H,1.6 
 174300632,-1.5319872478,-0.9254454131\C,1.0184498789,1.0782913053,-0.6 
 368581082\C,1.476628181,0.6216744202,1.8459198984\H,1.9475084683,1.592 
 6451443,-0.9549516157\H,0.603314202,0.5920958522,-1.5315251277\H,0.318 
 1688785,1.860816013,-0.3106888016\H,2.4936006963,1.0634332886,1.930163 
 2243\H,0.7776929381,1.4607618124,2.0136926475\C,1.2978834251,-0.396847 
 8191,2.9848164788\H,2.0280963046,-1.2107949553,2.8410343195\C,-0.11268 
 78358,-0.993193403,2.9670889108\C,1.5861583628,0.2649424983,4.33568121 
 37\H,-0.3345727889,-1.4818127569,2.0079299766\H,-0.2443068184,-1.73116 
 34086,3.7713331638\H,-0.8600091747,-0.1974075842,3.1141973515\H,1.4843 
 027346,-0.453138544,5.161719143\H,2.6025003009,0.6830578841,4.37036036 
 68\H,0.8772096933,1.087872941,4.5179530824\\Version=ES64L-G09RevE.01\S 
 tate=2-A\HF=-275.5529854\S2=0.753438\S2-1=0.\S2A=0.75001\RMSD=9.736e-0 
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 9\RMSF=1.852e-06\Dipole=0.1366617,0.0075775,-0.0323101\Quadrupole=-0.3 
 201022,0.1480716,0.1720306,-0.3493506,-0.1673731,-0.1507144\PG=C01 [X( 
 C7H15)]\\@ 
 
hydrotrioxide 
 1\1\GINC-R168\FOpt\RM11\6-31+G(d,p)\C7H16O3\ROOT\03-Apr-2016\0\\# opt= 
 maxcyc=200 freq=noraman m11/6-31+g(d,p) int=ultrafine scf=maxcyc=200\\ 
 Intm 2 'zwitterionic' - OOH pos. b\\0,1\C,1.6597947446,-0.3606680572,- 
 0.1407279841\C,0.529859628,-0.3476539921,0.9007502509\C,1.219274717,-0 
 .9331027326,-1.4940918956\C,-0.7224495281,0.4909090175,0.6037277749\H, 
 0.9376871119,0.0258561085,1.8551082226\H,2.0880332796,-1.0647011449,-2 
 .155384838\H,0.7456867885,-1.9179375773,-1.3534645438\H,0.489061998,-0 
 .2916941122,-2.0018367515\C,-1.6219944743,0.548877112,1.8378921611\H,- 
 2.5710896863,1.0438076567,1.5951332631\H,-1.8431229201,-0.4605697809,2 
 .2089426798\H,-1.1161189914,1.1129904642,2.6338632094\H,0.2029171898,- 
 1.3835552068,1.0912276705\O,-3.1920911853,-1.3325278762,0.2345988676\O 
 ,-1.8602871049,-1.3847807922,-0.2247138365\O,-1.4668205958,-0.07179930 
 45,-0.5189160527\H,-3.6968267954,-1.3203937376,-0.5946554916\H,2.01201 
 87587,0.6738686969,-0.2916533685\C,-0.3910287323,1.8908183709,0.094601 
 2973\H,0.2654222243,2.398100203,0.8151400548\H,0.1214910083,1.84449850 
 72,-0.8751839851\H,-1.309589615,2.480392176,-0.0230422753\C,2.83310154 
 97,-1.1776252196,0.4153532727\H,3.1808430206,-0.7826116639,1.380935704 
 3\H,2.5303538245,-2.2251834831,0.5692087791\H,3.6832828754,-1.17422380 
 18,-0.2811834553\\Version=ES64L-G09RevE.01\State=1-A\HF=-501.6462343\R 
 MSD=5.988e-09\RMSF=3.256e-06\Dipole=0.0103148,0.4521472,0.0101653\Quad 
 rupole=2.0349552,-1.0113724,-1.0235828,0.423872,2.8289873,1.4832338\PG 
 =C01 [X(C7H16O3)]\\@ 
 
TS2a 
 1\1\GINC-R1676\FTS\UM11\6-31+G(d,p)\C7H16O3\ROOT\17-Apr-2016\0\\# um11 
 /6-31+g(d,p) int=ultrafine opt=(ts,calcfc,noeigen,maxcyc=200) scf=(tig 
 ht,maxcyc=200) nosymm freq=noraman # guess=read geom=allcheck\\TS for  
 for peroxyl radical addition to *OpPropylene pos. b\\0,1\C,-1.76187478 
 62,-0.0659571438,0.2066268985\C,-0.6956237871,0.6363513456,-0.64925068 
 55\C,-1.3526353661,-1.4895572291,0.6113666952\C,0.6039707847,1.0992561 
 037,0.0435127801\H,-1.1426066061,1.5347477126,-1.1074764498\H,-2.18143 
 2696,-2.0033687112,1.1191371638\H,-1.1057187973,-2.0690292025,-0.29633 
 38414\H,-0.4863988476,-1.4713285319,1.2848860922\C,1.5714817628,1.6855 
 854251,-0.9921005609\H,2.5018662373,1.9953144448,-0.4987467546\H,1.816 
 2795807,0.9297885115,-1.7502810929\H,1.1237703996,2.5553007073,-1.4937 
 515565\H,-0.4191222335,-0.0320676598,-1.4816341584\O,1.7782115339,-2.4 
 366141898,0.0893069681\O,1.5965778118,-1.3422578104,-0.6187616096\O,1. 
 230066305,0.0798518345,0.7685803557\H,0.8807852811,-2.74223847,0.32536 
 85372\H,-1.9312604673,0.5193510167,1.1252307721\C,0.312160802,2.150249 
 2888,1.1406073544\H,-0.2282541242,2.992014946,0.6856012423\H,-0.297862 
 8657,1.7252773923,1.9468076221\H,1.2528909474,2.5179537083,1.568532843 
 \C,-3.0816089081,-0.1140822011,-0.5746812802\H,-3.4332389103,0.8942043 
 655,-0.8353431323\H,-2.9500146748,-0.6766881631,-1.5124636488\H,-3.870 
 905376,-0.6116914901,0.0063854462\\Version=ES64L-G09RevE.01\HF=-501.60 
 35041\S2=0.741173\S2-1=0.\S2A=0.01859\RMSD=5.320e-09\RMSF=6.290e-06\Di 
 pole=-0.987313,0.2034397,-0.0093296\Quadrupole=-4.4372118,4.8719773,-0 
 .4347654,2.5566257,-0.8462871,-0.5629447\PG=C01 [X(C7H16O3)]\\@ 
 
alkoxyl 
 1\1\GINC-R3467\FOpt\UM11\6-31+G(d,p)\C7H15O1(2)\ROOT\20-May-2016\0\\#  
 m11/6-31+g(d,p) opt=(maxcyc=200) freq=noraman nosymm scf=(tight,maxcyc 
 =200) int=ultrafine\\pPropylene-O* (tertiary)\\0,2\C,1.365868215,0.007 
 3936155,-0.4961567922\C,0.541656756,-0.3387452462,0.7521061815\C,0.575 
 8550676,-0.227071288,-1.7875077556\C,-0.8055472885,0.4048483859,0.8858 
 970038\H,1.1425000351,-0.1276867611,1.6525701965\H,1.2039964966,-0.032 
 8638233,-2.6687248853\H,0.2265659238,-1.2696550944,-1.8382965603\H,-0. 
 3124017443,0.4176998601,-1.8558759141\C,-1.4359440483,0.0446563409,2.2 
 603551233\H,-2.4379499305,0.4826606216,2.3463508281\H,-1.5046302807,-1 
 .044043232,2.3739851756\H,-0.7941510465,0.4560211563,3.0510116729\H,0. 
 3191857358,-1.4190850234,0.7510791907\O,-1.7330478484,-0.091380614,-0. 
 013285415\H,1.6471633645,1.0727222285,-0.4429657169\C,-0.664600131,1.9 
 272623105,0.7580148054\H,0.0919044488,2.3089069771,1.4591532706\H,-0.3 
 635460875,2.2026152109,-0.2613687253\H,-1.6264246699,2.4110422333,0.97 
 25972282\C,2.6561294521,-0.8209534043,-0.5003769771\H,3.2416689357,-0. 
 6612739142,0.416538058\H,2.4211608401,-1.8945069455,-0.5681612524\H,3. 
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 2907398043,-0.5622575944,-1.3595567404\\Version=ES64L-G09RevE.01\HF=-3 
 50.7434519\S2=0.753079\S2-1=0.\S2A=0.750007\RMSD=5.344e-09\RMSF=9.437e 
 -06\Dipole=0.565493,0.2665645,0.5892398\Quadrupole=-2.3935671,0.431566 
 4,1.9620008,-0.4452717,-1.8541212,0.2096957\PG=C01 [X(C7H15O1)]\\@ 
 
TS3a 
 1\1\GINC-R121\FTS\UM11\6-31+G(d,p)\C7H15O1(2)\ROOT\20-May-2016\0\\# m1 
 1/6-31+g(d,p) opt=(ts,calcfc,noeigen,maxcyc=200) freq=noraman nosymm s 
 cf=(tight,maxcyc=200) int=ultrafine\\TS for C-Calpha fragmentation : p 
 Propylene-O* (tertiary)\\0,2\C,1.6589115633,-0.139154919,-0.5327063937 
 \C,0.9018964214,-0.5994719184,0.6799183652\C,0.9194922966,-0.445468052 
 3,-1.8382506248\C,-0.9389148343,0.3778089343,0.8863484226\H,1.31663415 
 04,-0.3148892721,1.652290513\H,1.5226018893,-0.1347859858,-2.703023360 
 3\H,0.7355765443,-1.5274880638,-1.9225111851\H,-0.0559053346,0.0541817 
 604,-1.8752508947\C,-1.2147858501,-0.0618709031,2.3254191423\H,-2.1906 
 014687,0.3547049822,2.6155277874\H,-1.2838286873,-1.1547169523,2.37973 
 17812\H,-0.4595775823,0.3060453874,3.0319763195\H,0.4984661359,-1.6155 
 639147,0.6419601717\O,-1.5752073845,-0.1715433408,-0.0401712069\H,1.82 
 99903258,0.9468283097,-0.4538902072\C,-0.4750169357,1.8237480771,0.716 
 376844\H,0.3851879855,2.068174735,1.3542463615\H,-0.235546089,2.018946 
 4653,-0.3355750808\H,-1.3113546464,2.4784559916,1.0044800098\C,3.04210 
 13894,-0.8263212391,-0.5216916345\H,3.6023698808,-0.6039610408,0.39702 
 78818\H,2.9294967488,-1.9176318065,-0.60043133\H,3.6389714812,-0.48553 
 72345,-1.3794866821\\Version=ES64L-G09RevE.01\HF=-350.7230908\S2=0.768 
 242\S2-1=0.\S2A=0.750067\RMSD=5.065e-09\RMSF=5.331e-07\Dipole=1.040013 
 2,0.3367775,0.7095997\Quadrupole=-2.3579324,0.8915713,1.4663611,-1.416 
 2627,-1.8720548,0.266526\PG=C01 [X(C7H15O1)]\\@ 
 
TS4(1,4) 
 1\1\GINC-R156\FTS\UM11\6-31+G(d,p)\C7H15O1(2)\ROOT\07-Jun-2016\0\\# m1 
 1/6-31+g(d,p) opt=(ts,calcfc,noeigen,maxcyc=200) freq=noraman nosymm s 
 cf=(tight,maxcyc=200) int=ultrafine\\TS for 1,4 pPropylene-O* (tertiar 
 y) H abstraction\\0,2\C,1.3036660205,0.0284283781,0.0322398468\C,0.090 
 7751869,0.2204724367,-0.901831958\C,2.2729008501,1.1969060786,0.042540 
 0727\C,-1.1448119267,0.0264425518,0.0094785093\H,0.0933451913,-0.48094 
 73172,-1.7509050513\H,3.0639803526,1.0594626262,0.7925127333\H,2.75619 
 37108,1.2892830476,-0.9448580072\H,1.7501473198,2.1395712741,0.2530342 
 056\C,-2.2714801144,1.0096542291,-0.3125241727\H,-3.1074746484,0.87985 
 90403,0.3880675084\H,-1.9049236241,2.0413629483,-0.2338519986\H,-2.642 
 8986864,0.8377341855,-1.3332738338\H,0.0960532324,1.2415909538,-1.3124 
 12916\O,-0.6652917347,0.3432701895,1.3176625252\H,0.6722832049,0.09223 
 11624,1.0796089117\C,-1.6628385123,-1.4147763601,-0.0163904301\H,-2.03 
 35077683,-1.6826710967,-1.0166554597\H,-0.8683747181,-2.1188531767,0.2 
 638095258\H,-2.4823700997,-1.5281425632,0.7061514261\C,1.9922072471,-1 
 .3222992615,-0.0586902746\H,1.2818753109,-2.1564459264,-0.001948616\H, 
 2.5186770077,-1.3979377052,-1.0251110134\H,2.737513198,-1.4465616952,0 
 .7386734665\\Version=ES64L-G09RevE.01\HF=-350.7142399\S2=0.757654\S2-1 
 =0.\S2A=0.750022\RMSD=5.660e-09\RMSF=2.519e-06\Dipole=0.3721443,-0.172 
 6898,-0.8274925\Quadrupole=2.3262309,0.170593,-2.496824,0.1356354,1.39 
 7082,-0.7289362\PG=C01 [X(C7H15O1)]\\@ 
 
TS4(1,5) 
 1\1\GINC-R148\FTS\UM11\6-31+G(d,p)\C7H15O1(2)\ROOT\07-Jun-2016\0\\# m1 
 1/6-31+g(d,p) opt=(ts,calcfc,noeigen,maxcyc=200) freq=noraman nosymm s 
 cf=(tight,maxcyc=200) int=ultrafine\\TS for 1,5 pPropylene-O* (tertiar 
 y) H abstraction\\0,2\C,1.4122800293,-0.0768580072,0.3238365773\C,0.19 
 71802538,-0.8385532322,-0.2277505024\C,1.4065979135,1.3319000945,-0.24 
 70840496\C,-1.114807136,-0.0521352963,-0.0112175989\H,0.1160301909,-1. 
 8341434043,0.236783699\H,1.8101818116,2.1182149413,0.4012244779\H,1.81 
 67997458,1.3944130127,-1.2638347642\H,0.202486401,1.5839879744,-0.4265 
 310479\C,-2.2732643584,-0.7951354826,-0.6950142067\H,-3.1993253385,-0. 
 2128975871,-0.6039318466\H,-2.0529942932,-0.9405973945,-1.7603075011\H 
 ,-2.4227216487,-1.7745159756,-0.2186301632\H,0.3273701811,-0.984442020 
 5,-1.3135406613\O,-1.0185689273,1.1928870578,-0.6703813818\H,1.3203626 
 599,-0.0207085515,1.4193383937\C,-1.4179655713,0.1597656373,1.47745644 
 64\H,-1.4348181981,-0.7954076592,2.0230494309\H,-0.6656256937,0.815177 
 9815,1.9372369387\H,-2.3956168852,0.6472547608,1.5883625641\C,2.718002 
 4493,-0.8139718361,-0.0104379552\H,2.7196929697,-1.8260753845,0.418346 
 3823\H,2.8369458809,-0.9060523916,-1.100415551\H,3.5912385635,-0.27466 
 32371,0.3813313195\\Version=ES64L-G09RevE.01\HF=-350.7243347\S2=0.7571 
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 36\S2-1=0.\S2A=0.750022\RMSD=4.207e-09\RMSF=1.717e-06\Dipole=0.5311021 
 ,-0.6127517,0.4020981\Quadrupole=1.0814007,-0.9374791,-0.1439216,2.642 
 8561,-0.902355,1.1764373\PG=C01 [X(C7H15O1)]\\@ 
 
ROOH 
 1\1\GINC-R182\FOpt\RM11\6-31+G(d,p)\C4H10O2\ROOT\26-Jun-2016\0\\# m11/ 
 6-31+G** opt=maxcyc=200 scf=(tight,maxcyc=200) int=ultrafine freq=nora 
 man\\beta-scission C fragment peroxide\\0,1\C,-0.000011544,0.050565838 
 9,-0.3541289244\C,-1.2649991109,-0.6792357063,0.1110523733\H,-1.292709 
 5475,-1.7023184419,-0.2887976646\H,-1.2902871978,-0.7396766137,1.20780 
 77829\H,-2.1739583158,-0.1572148462,-0.220266767\H,-0.0000359467,0.091 
 8271138,-1.4556669052\C,1.265001149,-0.6792278066,0.1109969098\H,2.173 
 9424457,-0.1571993306,-0.2203593439\H,1.2903362786,-0.7396713014,1.207 
 7511114\H,1.292702138,-1.7023092867,-0.2888569468\C,-0.0000059178,1.50 
 57129094,0.1102121396\H,0.8983801751,2.0412548897,-0.2405969908\H,-0.8 
 984152034,2.0412471295,-0.2405495407\O,0.0000319845,1.4960352819,1.532 
 0289368\O,0.0000367741,2.8753244281,1.9130375097\H,0.000062989,2.79083 
 12119,2.8770452698\\Version=ES64L-G09RevE.01\State=1-A\HF=-308.6505989 
 \RMSD=2.558e-09\RMSF=6.051e-05\Dipole=0.0000003,-0.2021613,-0.0350069\ 
 Quadrupole=-1.4203158,-2.1570663,3.5773821,0.000048,0.000126,1.7042322 
 \PG=C01 [X(C4H10O2)]\\@ 
 
Poly(styrene)	
pSty 
 1\1\GINC-R47\FOpt\UM11\6-31+G(d,p)\C17H20\ROOT\03-Apr-2016\0\\# um11/6 
 -31+g(d,p) opt=maxcyc=200 scf=(tight,maxcyc=200) nosymm freq=noraman\\ 
 poly-styrene\\0,1\C,1.7924253906,-1.4648361817,0.6254127652\C,0.516155 
 6703,-2.2605514152,1.0024316108\H,0.8093949685,-3.3032736347,1.2074071 
 231\H,0.1184867685,-1.8616682468,1.9514812966\C,-0.6128013316,-2.30899 
 02224,-0.0451595975\C,1.6365665797,0.0546158098,0.7673459276\H,2.60051 
 52155,0.5557022128,0.5988960543\H,1.2950749154,0.3010371606,1.78295679 
 17\H,0.9038449038,0.4785758394,0.0689703884\C,-1.7096480968,-3.2811196 
 374,0.4178377595\H,-1.3000120819,-4.2914623784,0.5585344164\H,-2.52469 
 08212,-3.3348228155,-0.316223767\H,-2.1418064412,-2.955827456,1.376343 
 7771\H,-0.1830174472,-2.6959256732,-0.9832847895\H,2.5580213458,-1.771 
 732538,1.3579685368\C,-1.2007538787,-0.9403590139,-0.3421760098\C,-1.1 
 580036428,-0.40612695,-1.6317501852\C,-1.788342562,-0.1795690642,0.674 
 6925951\C,-1.661498972,0.8675951224,-1.8969678389\H,-0.7023602474,-0.9 
 928451345,-2.4335505528\C,-2.2924069712,1.0915493945,0.4168093825\H,-1 
 .8364914724,-0.5817517588,1.6902533949\C,-2.2242482755,1.6238571121,-0 
 .8714337117\H,-1.6114731476,1.2706469927,-2.9099753175\H,-2.7377586965 
 ,1.6739759255,1.2251896414\H,-2.6134934562,2.6225217415,-1.0743310068\ 
 C,2.3058945091,-1.9075885621,-0.7383404629\C,2.8303805435,-3.198904946 
 8,-0.8778839943\C,2.2413383983,-1.0970402048,-1.8733991342\C,3.2668050 
 133,-3.6725693272,-2.1110192791\H,2.8985244034,-3.8426756026,0.0038750 
 251\C,2.6766478483,-1.5671203592,-3.1140318848\H,1.8410635388,-0.08497 
 05407,-1.795771568\C,3.1876817733,-2.8556775791,-3.2393607505\H,3.6732 
 661514,-4.6820527244,-2.1924212093\H,2.6166714049,-0.9159074813,-3.987 
 9726031\H,3.5285820797,-3.2210397321,-4.2090281437\\Version=ES64L-G09R 
 evE.01\HF=-659.4606258\S2=0.\S2-1=0.\S2A=0.\RMSD=4.396e-09\RMSF=1.097e 
 -05\Dipole=-0.0087514,-0.0700864,0.1265283\Quadrupole=-5.9883334,2.562 
 8206,3.4255128,-3.3956017,-1.3250822,-1.1867239\PG=C01 [X(C17H20)]\\@ 
 
int-1 
 1\1\GINC-R315\FOpt\UM11\6-31+G(d,p)\C17H20O3\ROOT\05-Apr-2016\0\\# um1 
 1/6-31+g(d,p) int=ultrafine opt=(maxcyc=200) scf=(tight,maxcyc=200) no 
 symm freq=noraman # guess=read geom=allcheck\\O3 + pStyrene caged comp 
 lex\\0,1\C,-0.4836785888,0.926739635,-0.3749122819\C,-1.1509680503,-0. 
 3076568118,-1.0317521393\H,-2.0740577159,0.0307421379,-1.5310676853\H, 
 -0.4868845222,-0.6930473993,-1.8254030637\C,-1.5637925237,-1.462543764 
 1,-0.0987624299\C,0.9949644251,0.7194668813,-0.0240915554\H,1.44092784 
 59,1.6633556768,0.3208033268\H,1.5468515691,0.3867591893,-0.9148622711 
 \H,1.1509506129,-0.0379373802,0.7545315068\C,-2.3529613432,-2.51313705 
 33,-0.8953100385\H,-3.2470717483,-2.0631554643,-1.3507548678\H,-2.6715 
 599898,-3.3420464352,-0.2493905034\H,-1.7376534175,-2.9350955618,-1.70 
 44652693\O,-2.9612630081,1.2804029289,-3.7391596785\O,-3.9260144219,0. 
 9723065208,-2.9885076482\O,-2.0616569333,1.9937484437,-3.2193375481\H, 
 -2.2287955888,-1.0434855268,0.6733511029\H,-0.5160399306,1.719689323,- 
 1.1407311584\C,-0.3814873935,-2.0947026541,0.6133426152\C,-0.292319620 
A4-20 
 
       
 7,-2.0716261871,2.0065373153\C,0.654017584,-2.694343994,-0.1114588046\ 
 C,0.816398223,-2.6068430224,2.6621901164\H,-1.0960415992,-1.6043783441 
 ,2.5812858777\C,1.7625221202,-3.230793984,0.5367748701\H,0.6009491967, 
 -2.725242094,-1.203160138\C,1.8511271122,-3.1822543799,1.9284586275\H, 
 0.8720048339,-2.5711035709,3.7515433399\H,2.5652451007,-3.685832597,-0 
 .0459128833\H,2.7220502981,-3.5972079694,2.4377168245\C,-1.3341685333, 
 1.4249535034,0.7858312436\C,-2.6116383225,1.9329702451,0.5141903798\C, 
 -0.9127983486,1.3702497886,2.1152650514\C,-3.4469421625,2.3632696117,1 
 .5395613296\H,-2.9500014352,1.989635627,-0.5247009959\C,-1.748086623,1 
 .8011477955,3.1481886354\H,0.0782708984,0.9815520543,2.3552891262\C,-3 
 .0174303071,2.2962858011,2.8658202179\H,-4.4372788319,2.7567987394,1.3 
 041820695\H,-1.3986570097,1.7501857782,4.1809851052\H,-3.6690318507,2. 
 6341745125,3.6728922789\\Version=ES64L-G09RevE.01\HF=-884.7990065\S2=0 
 .383261\S2-1=0.\S2A=0.003292\RMSD=8.836e-09\RMSF=3.405e-06\Dipole=-0.0 
 243698,-0.0488374,-0.389651\Quadrupole=0.6340558,-6.4552418,5.821186,- 
 4.0664603,2.0843719,-0.3108239\PG=C01 [X(C17H20O3)]\\@ 
 
TS1a 
 1\1\GINC-R222\FTS\UM11\6-31+G(d,p)\C17H20O3\ROOT\15-Apr-2016\0\\# um11 
 /6-31+g(d,p) int=ultrafine opt=(ts,calcfc,noeigen,maxcyc=200) scf=(tig 
 ht,maxcyc=200) nosymm freq=noraman # guess=read geom=allcheck iop(1/8= 
 1)\\TS for O3 H abstraction of pStyrene (pos. b)\\0,1\C,1.6517404231,- 
 1.1684927437,0.3265973852\C,0.681697163,-0.7573457681,1.4563171274\C,2 
 .2717683073,-2.5339275406,0.659404492\C,-0.1193825112,0.527975521,1.24 
 1732599\H,1.2514636864,-0.6621520159,2.3999892639\H,2.954559227,-2.857 
 6593982,-0.1368654209\H,2.8471872101,-2.4848306191,1.5959568563\H,1.49 
 19084612,-3.2987885562,0.781768192\H,-0.0215344547,-1.5917638147,1.594 
 4544112\O,-0.5183375883,0.6946564154,-1.3089302252\O,-0.054356985,1.93 
 02736281,-1.5563372248\O,-0.8967564738,2.8440070588,-1.2845796487\H,-0 
 .3926996123,0.5259094106,0.0357907568\H,1.0606914352,-1.2700914392,-0. 
 5967984226\C,0.6496355192,1.8399510213,1.4034788929\H,1.1509530107,1.8 
 399007697,2.3851008478\H,1.4256437553,1.9736248333,0.6382794808\H,-0.0 
 353480362,2.6963876817,1.3667811941\C,-1.467884302,0.5601601451,1.9118 
 906934\C,-1.7567886217,-0.2306895847,3.0302485546\C,-2.4553708906,1.43 
 36123719,1.4346847831\C,-2.995364817,-0.1405738069,3.6630631618\H,-1.0 
 021491675,-0.9096490642,3.4300074445\C,-3.6951342079,1.5140800898,2.05 
 87881885\H,-2.2471542549,2.0376171271,0.5477776331\C,-3.9695048533,0.7 
 278139852,3.1778280908\H,-3.1977090804,-0.7549388037,4.5416968004\H,-4 
 .454673749,2.1910594999,1.6652237578\H,-4.9415773657,0.7913857836,3.66 
 86684071\C,2.7268637998,-0.1297829926,0.0650960013\C,2.8143030866,0.50 
 66987611,-1.1740194079\C,3.6319730447,0.2310711158,1.0690399043\C,3.76 
 40377872,1.5029672338,-1.3998635631\H,2.1103744807,0.2323512993,-1.963 
 4341477\C,4.5820055354,1.2236692447,0.8491013545\H,3.5812148923,-0.259 
 1271658,2.0452913165\C,4.6461870998,1.8691625017,-0.3865422642\H,3.808 
 4469753,1.9987922676,-2.3707586728\H,5.2742737156,1.499714637,1.646181 
 6882\H,5.3852973553,2.65285691,-0.5579382814\\Version=ES64L-G09RevE.01 
 \HF=-884.7787944\S2=0.741863\S2-1=0.\S2A=0.047691\RMSD=6.133e-09\RMSF= 
 1.268e-06\Dipole=0.3295881,-0.4755511,0.8808397\Quadrupole=1.942808,-3 
 .9753307,2.0325228,2.181511,-1.5918474,-1.4606205\PG=C01 [X(C17H20O3)] 
 \\@ 
 
TS1b 
 1\1\GINC-R63\FTS\UM11\6-31+G(d,p)\C17H20O3\ROOT\09-Apr-2016\0\\# um11/ 
 6-31+g(d,p) int=ultrafine opt=(ts,calcfc,noeigen,maxcyc=200) scf=(tigh 
 t,maxcyc=200) nosymm freq=noraman # guess=read geom=allcheck iop(1/8=1 
 )\\TS for O3 H abstraction of pStyrene (pos. a)\\0,1\C,1.7197374235,-0 
 .9106802578,0.4100524127\C,1.1749741898,0.5113962384,0.2938879122\C,0. 
 8605814028,-1.9528096455,-0.3147960019\C,0.7159117066,1.0121724878,-1. 
 0714843791\H,1.8158142455,1.2429184712,0.8135214178\H,1.2534523468,-2. 
 9617154683,-0.1328767596\H,-0.1866170112,-1.92718643,0.0148523756\H,0. 
 8627625336,-1.7783092649,-1.3989730111\H,0.1561301236,0.5867011373,1.0 
 441927315\O,-0.9125813448,0.7280014162,1.7697449673\O,-1.6060456004,-0 
 .4164029615,1.5836083336\O,-2.1155973534,-0.4985649491,0.4185213449\H, 
 -0.096016718,0.3573217778,-1.4245371846\H,2.7071325189,-0.8846368127,- 
 0.0894414855\C,1.8824609051,0.9324633642,-2.0770129985\H,2.7739305131, 
 1.4523614292,-1.6969547308\H,2.165213154,-0.1102701015,-2.2751244928\H 
 ,1.5950310539,1.4007168123,-3.0273211184\C,0.1519055578,2.420364109,-0 
 .9525360131\C,-1.2295661325,2.6228476517,-0.9404596523\C,0.9943375328, 
 3.5277174013,-0.8190000112\C,-1.7593891811,3.9047136625,-0.8099836041\ 
 H,-1.8936459941,1.7589495388,-1.0151407856\C,0.468448672,4.8108899901, 
A4-21 
 
       
 -0.6870331668\H,2.0785744771,3.3913983392,-0.8197519208\C,-0.911860270 
 3,5.003235883,-0.6851238408\H,-2.8414301698,4.0441437987,-0.8016570976 
 \H,1.1405412488,5.6645350436,-0.5861436866\H,-1.3253002432,6.007566941 
 8,-0.5832254991\C,1.9853253874,-1.2375269262,1.8736559518\C,3.14347760 
 3,-0.7477890519,2.4847623058\C,1.0854141457,-1.9773519637,2.6428541282 
 \C,3.3997818353,-0.9872231713,3.8316339218\H,3.8586284506,-0.172406381 
 3,1.88964489\C,1.3379383749,-2.2194662925,3.9925547066\H,0.1746493359, 
 -2.3723331975,2.1895829076\C,2.4938095079,-1.7257004232,4.5914502548\H 
 ,4.3114915709,-0.5995598542,4.2886850454\H,0.6225379045,-2.7979439373, 
 4.5789513108\H,2.690226297,-1.9171714038,5.6471465223\\Version=ES64L-G 
 09RevE.01\HF=-884.7716352\S2=0.786091\S2-1=0.\S2A=0.046734\RMSD=3.774e 
 -09\RMSF=8.060e-07\Dipole=0.9972607,-0.0326503,-0.3025596\Quadrupole=1 
 .8598462,-0.0233701,-1.8364761,1.8911548,1.2572148,-1.2662903\PG=C01 [ 
 X(C17H20O3)]\\@ 
 
int-2(rad) 
 1\1\GINC-R162\FOpt\UM11\6-31+G(d,p)\C17H19(2)\ROOT\10-Jun-2016\0\\# um 
 11/6-31+g(d,p) opt=maxcyc=200 scf=(tight,maxcyc=200) freq=noraman int= 
 ultrafine\\pStyrene-C* (tertiary)\\0,2\C,-1.2257324586,0.2714112152,0. 
 7241581672\C,-0.3375399287,1.3080298116,-0.0196071363\C,-0.6081857667, 
 -1.131961516,0.6690597038\C,1.000037687,1.499762324,0.6338045411\H,-0. 
 873289317,2.2717907072,-0.0213199567\H,-1.2292418083,-1.8537426674,1.2 
 159275202\H,-0.5230274653,-1.4834125099,-0.3703464432\H,0.4010382667,- 
 1.1332629601,1.1037585715\C,1.0127509349,2.3084620747,1.9008314474\H,0 
 .0013887657,2.6517279785,2.1550049987\H,1.3963324457,1.729835383,2.757 
 2778763\H,1.6519281665,3.2020144228,1.8075721894\H,-0.2452046715,1.005 
 7036602,-1.0722556844\H,-1.2817878164,0.5818217611,1.7808861885\C,2.20 
 94427169,0.9240837165,0.137550419\C,3.4489355071,1.1627489926,0.792419 
 7934\C,2.2472025982,0.0874844777,-1.0111378321\C,4.6329726885,0.611178 
 1611,0.3272013027\H,3.4736515667,1.7964780156,1.6789100211\C,3.4354208 
 662,-0.4604690238,-1.4678183298\H,1.3250351516,-0.1418964688,-1.544242 
 6865\C,4.6405261846,-0.204777355,-0.8068148647\H,5.5653541434,0.819236 
 5407,0.8547604068\H,3.4250865467,-1.0999262461,-2.352055112\H,5.572679 
 6317,-0.6378853983,-1.1703364554\C,-2.6382160117,0.2918294608,0.167778 
 1986\C,-2.8953697448,-0.104678339,-1.1493530993\C,-3.7104922428,0.7237 
 931424,0.9509310857\C,-4.1868975252,-0.0706023274,-1.6675479883\H,-2.0 
 716425738,-0.4467928118,-1.7813664609\C,-5.0070744019,0.7583579016,0.4 
 384751922\H,-3.5254385523,1.0364954027,1.9816800106\C,-5.249372068,0.3 
 611738292,-0.8737440607\H,-4.3663399905,-0.3836726567,-2.6973932801\H, 
 -5.8305485479,1.0972001216,1.0692088573\H,-6.2620719768,0.3869191795,- 
 1.2783061011\\Version=ES64L-G09RevE.01\State=2-A\HF=-658.8152835\S2=0. 
 79767\S2-1=0.\S2A=0.751436\RMSD=9.146e-09\RMSF=3.364e-06\Dipole=-0.130 
 3885,0.0931121,0.1877993\Quadrupole=1.9278633,-4.2781974,2.3503341,-1. 
 3691559,1.0860561,5.0033511\PG=C01 [X(C17H19)]\\@ 
 
hydrotrioxide 
 1\1\GINC-R55\FOpt\RM11\6-31+G(d,p)\C17H20O3\ROOT\03-Apr-2016\0\\# m11/ 
 6-31+g(d,p) int=ultrafine scf=maxcyc=200 opt=(maxcyc=200) freq=noraman 
 \\Intm 2 'zwitterionic' - OOH pos. b\\0,1\C,0.1393016031,-1.9041912986 
 ,0.2278758166\C,0.9869603828,-1.44328601,-0.9744006392\C,-0.1003536556 
 ,-3.4207747145,0.1345514591\C,1.8626542935,-0.1999466373,-0.7453714362 
 \H,0.3449208922,-1.2293821138,-1.8425232467\H,-0.7188162685,-3.7748469 
 748,0.9704259132\H,-0.6256126673,-3.6698217563,-0.8003719358\H,0.85901 
 01489,-3.9558116805,0.1461977484\C,1.0878779057,0.9460060912,-0.101852 
 9878\H,0.7003603883,0.6256279646,0.871001377\H,1.742347482,1.811055575 
 7,0.0613160946\H,0.2360401318,1.2363730673,-0.7316055123\H,1.643088855 
 9,-2.2708667741,-1.2782126571\O,3.127945959,-2.6868624029,0.6351495501 
 \O,3.6593909928,-1.5642968918,-0.0363586021\O,2.8608005013,-0.46362633 
 19,0.2970798416\H,3.5582545988,-2.6312445376,1.5038080367\H,0.72027244 
 8,-1.7073536715,1.1430988627\C,2.5608235639,0.2015955646,-2.0513335567 
 \C,3.2700459824,-0.7479118674,-2.79999312\C,2.4892821487,1.5065442046, 
 -2.5464898777\C,3.899286591,-0.3967353652,-3.9907073542\H,3.3466008327 
 ,-1.7747649538,-2.4449346956\C,3.1129932919,1.8594041968,-3.742793964\ 
 H,1.9354666198,2.2714835745,-2.0036947033\C,3.823700336,0.9097980517,- 
 4.4690851835\H,4.4513979813,-1.1536002141,-4.5499520096\H,3.0385933115 
 ,2.8856602134,-4.105665009\H,4.3138595264,1.1838713295,-5.4043652825\C 
 ,-1.1981383567,-1.1861939064,0.3505671771\C,-2.0811206774,-1.113619904 
 9,-0.7314627514\C,-1.6018245818,-0.6329960046,1.5684411854\C,-3.321163 
 8418,-0.4915868476,-0.60581861\H,-1.800072675,-1.5558056367,-1.6907206 
 035\C,-2.8411299723,-0.0095215283,1.7022615444\H,-0.9250759422,-0.6862 
A4-22 
 
       
 396685,2.4259580749\C,-3.7052041902,0.067067092,0.6121322376\H,-3.9925 
 967105,-0.4443940718,-1.4647924348\H,-3.1310525194,0.4204543843,2.6624 
 440809\H,-4.6747711911,0.5568809949,0.7114344824\\Version=ES64L-G09Rev 
 E.01\State=1-A\HF=-884.8883648\RMSD=5.624e-09\RMSF=5.968e-06\Dipole=-0 
 .225523,0.0696366,0.1484761\Quadrupole=-3.586957,-1.3126584,4.8996153, 
 -4.025491,0.1375478,-2.0313393\PG=C01 [X(C17H20O3)]\\@ 
 
TS2a 
 1\1\GINC-R265\FTS\UM11\6-31+G(d,p)\C17H20O3\ROOT\13-May-2016\0\\# um11 
 /6-31+g(d,p) int=ultrafine opt=(ts,calcfc,noeigen,maxcyc=200) scf=(tig 
 ht,maxcyc=200) nosymm freq=noraman # guess=read geom=allcheck\\TS for  
 for peroxyl radical addition to *OpStyrene pos. b\\0,1\C,1.4754425837, 
 0.4395817103,0.9341171624\C,0.2056767468,-0.097977405,0.2447376061\C,1 
 .5595848049,1.9737787716,0.9502340142\C,-1.1590319832,0.2648943053,0.8 
 753859282\H,0.2728220205,-1.1954716249,0.2123995147\H,2.5414359209,2.2 
 958762323,1.3234797803\H,1.4245237654,2.3809354562,-0.0620997525\H,0.7 
 74251458,2.41293228,1.576574018\C,-1.1693126014,-0.014606737,2.4033829 
 616\H,-0.4598291909,0.645008094,2.9180230462\H,-2.1758786538,0.1467005 
 019,2.8062995039\H,-0.8788665661,-1.0608092642,2.5712244993\H,0.183736 
 8919,0.2429773128,-0.8010700053\O,-0.7394041113,3.5045797878,-0.918484 
 3466\O,-1.1864789875,2.2715822575,-1.0606054623\O,-1.4145108204,1.6350 
 542154,0.8387250741\H,-1.5318315043,4.0587670907,-0.7992739458\H,1.491 
 6067497,0.0736452612,1.9736137371\C,-2.2844786593,-0.5342043628,0.2059 
 256115\C,-2.2690173746,-1.9328078165,0.2210873206\C,-3.3525832391,0.11 
 892565,-0.4083517815\C,-3.2961312056,-2.6631023003,-0.3693983979\H,-1. 
 446872723,-2.4661823878,0.70450599\C,-4.381132114,-0.6112031816,-1.003 
 6904417\H,-3.3701166176,1.2081525903,-0.415794813\C,-4.3570644063,-2.0 
 028489825,-0.9879297884\H,-3.2674398822,-3.7535779647,-0.3464367415\H, 
 -5.2076819416,-0.0849564214,-1.4840585249\H,-5.1618119634,-2.573188238 
 8,-1.4538787783\C,2.6893866048,-0.1638292002,0.2426687628\C,3.00688881 
 07,0.184381477,-1.0750140539\C,3.5037244538,-1.0884505232,0.8990993422 
 \C,4.1084621335,-0.3754678575,-1.7158155684\H,2.3816260885,0.906085846 
 8,-1.6068469884\C,4.609643466,-1.6520165472,0.2627583708\H,3.268514272 
 3,-1.3689840733,1.9290430037\C,4.9152632497,-1.2970448207,-1.048292256 
 \H,4.3397157687,-0.0910196506,-2.743692074\H,5.2343500952,-2.370835134 
 4,0.7956380047\H,5.7793126608,-1.7352643466,-1.5497135317\\Version=ES6 
 4L-G09RevE.01\HF=-884.8479118\S2=0.732698\S2-1=0.\S2A=0.018379\RMSD=3. 
 575e-09\RMSF=7.622e-07\Dipole=-0.4402474,0.222048,0.1637139\Quadrupole 
 =-2.3678109,4.8826967,-2.5148858,-5.8949218,1.9379695,-3.4661996\PG=C0 
 1 [X(C17H20O3)]\\@ 
 
alkoxyl 
 1\1\GINC-R559\FOpt\UM11\6-31+G(d,p)\C17H19O1(2)\ROOT\21-May-2016\0\\#  
 m11/6-31+g(d,p) opt=(maxcyc=200) freq=noraman nosymm scf=(tight,maxcyc 
 =200) int=ultrafine\\pStyrene-O* (tertiary)\\0,2\C,-1.4067422967,0.052 
 1194081,1.1598115979\C,-0.1117945231,0.208998835,0.3447612178\C,-1.571 
 4594873,-1.3482045808,1.767187266\C,1.2527156213,0.0242200475,1.122885 
 2745\H,-0.0632209144,1.2227321639,-0.0814748205\H,-2.5730600524,-1.462 
 0293826,2.2029224578\H,-1.4400879793,-2.1262587519,1.0007144375\H,-0.8 
 200234372,-1.5344046798,2.5442295247\C,1.2458743055,0.8337816015,2.428 
 5697274\H,0.5648711311,0.3552091925,3.1431057609\H,2.2523496389,0.8562 
 178183,2.8659979036\H,0.9096661832,1.8667666599,2.2635548287\H,-0.1048 
 251743,-0.497797026,-0.4997363201\O,1.3135949554,-1.3232263656,1.37887 
 6936\H,-1.3944534913,0.7912844112,1.976456008\C,2.3653841676,0.4409594 
 334,0.1484137094\C,2.8318580445,1.7559627897,0.0992520695\C,2.88842055 
 15,-0.4993222414,-0.7403994399\C,3.8086266613,2.1249085197,-0.82434907 
 25\H,2.4353134,2.5063899412,0.7853712615\C,3.8647354607,-0.1311530237, 
 -1.6631828791\H,2.5283380642,-1.5277080725,-0.6907263582\C,4.328299022 
 ,1.1823869267,-1.7084544169\H,4.1655699185,3.1556329627,-0.8502520147\ 
 H,4.2683026971,-0.8772263363,-2.3495554281\H,5.0942834662,1.4706092739 
 ,-2.4296378844\C,-2.5758474977,0.4149218693,0.2543892672\C,-2.95931422 
 86,-0.4301983384,-0.7923073314\C,-3.2736140614,1.6110568216,0.43273607 
 92\C,-4.0134512172,-0.0895307011,-1.6352908645\H,-2.4263966355,-1.3711 
 120949,-0.9501112789\C,-4.3312532114,1.9570252586,-0.4077123142\H,-2.9 
 851871152,2.2808166689,1.2469145174\C,-4.7042530559,1.1069458067,-1.44 
 54432502\H,-4.2983253979,-0.7624249205,-2.4456648886\H,-4.8658190519,2 
 .8949201907,-0.2487374742\H,-5.5313204604,1.3739279142,-2.1046288086\\ 
 Version=ES64L-G09RevE.01\HF=-733.9867079\S2=0.753521\S2-1=0.\S2A=0.750 
 008\RMSD=7.394e-09\RMSF=5.483e-06\Dipole=-0.1852262,0.690251,-0.153219 
 \Quadrupole=-0.8544772,1.0198802,-0.165403,1.2644078,-1.2072555,4.8734 
A4-23 
 
       
 348\PG=C01 [X(C17H19O1)]\\@ 
 
TS3a 
 1\1\GINC-R2020\FTS\UM11\6-31+G(d,p)\C17H19O1(2)\ROOT\21-May-2016\0\\#  
 m11/6-31+g(d,p) opt=(ts,calcfc,noeigen,maxcyc=200) freq=noraman nosymm 
  scf=(tight,maxcyc=200) int=ultrafine\\TS for C-Calpha fragmentation : 
  pPropylene-O* (tertiary)\\0,2\C,1.7040934217,0.6294824328,0.736605708 
 2\C,0.4831593293,0.0037783461,0.1123815067\C,1.6357727562,2.1598484677 
 ,0.7951309494\C,-1.2336669061,0.4237510502,1.2080755219\H,0.426416598, 
 -1.0883388019,0.1436369088\H,2.6064032433,2.5738533836,1.0985350302\H, 
 1.3699504307,2.5787961941,-0.1858524099\H,0.8582051882,2.4856679744,1. 
 495335766\C,-0.7600611953,-0.0127614142,2.5943185867\H,-0.1192220618,0 
 .7746871069,3.0074406864\H,-1.6430268308,-0.1174055671,3.2417228609\H, 
 -0.2174112575,-0.9670171916,2.5933061276\H,0.1469438906,0.4393057398,- 
 0.8333926124\O,-1.3461657647,1.6505268537,0.9726596146\H,1.8272019971, 
 0.2310053558,1.7560525563\C,-2.1203237684,-0.5408351514,0.4349633959\C 
 ,-2.2533145361,-1.8851439486,0.7895940978\C,-2.8283005588,-0.047278949 
 6,-0.6624614135\C,-3.0847851918,-2.7267514445,0.0527467341\H,-1.710999 
 6807,-2.2855050611,1.648151691\C,-3.6562654541,-0.8879013102,-1.399931 
 1242\H,-2.719993706,1.0100156809,-0.9099411258\C,-3.7857696055,-2.2306 
 664122,-1.0445183151\H,-3.1860142385,-3.7747031498,0.3388607984\H,-4.2 
 082232776,-0.4936413282,-2.2545576534\H,-4.4360646006,-2.8900159124,-1 
 .6211975019\C,2.8933550226,0.1201430375,-0.0794685579\C,3.1711361665,0 
 .6420288351,-1.3469598121\C,3.7019729899,-0.9060874121,0.414502535\C,4 
 .2390561884,0.1561369686,-2.0966097899\H,2.5465412332,1.4413905549,-1. 
 7517300134\C,4.7726817751,-1.3943168962,-0.3322574107\H,3.4933035958,- 
 1.3222182791,1.4033697145\C,5.0444601508,-0.8636818809,-1.5911220959\H 
 ,4.4442256347,0.5769229265,-3.0821646079\H,5.3983297586,-2.1909429918, 
 0.0732818083\H,5.8824322636,-1.2426358057,-2.1775891548\\Version=ES64L 
 -G09RevE.01\HF=-733.9719649\S2=0.768781\S2-1=0.\S2A=0.750088\RMSD=6.03 
 9e-09\RMSF=2.378e-06\Dipole=0.5759933,-1.079493,-0.1025004\Quadrupole= 
 -0.3860808,-2.6030954,2.9891762,2.287724,1.9056476,-4.566264\PG=C01 [X 
 (C17H19O1)]\\@ 
 
CH3COR1 
 1\1\GINC-R271\FOpt\RM11\6-31+G(d,p)\C8H8O1\ROOT\14-Jun-2016\0\\# m11/6 
 -31+G** opt=maxcyc=200 scf=(tight,maxcyc=200) int=ultrafine freq=noram 
 an\\beta-scission acetone fragment\\0,1\C,-1.7869763417,1.454649018,0. 
 1905150521\C,-1.3034299458,1.883474345,1.5597171576\H,-0.7072167748,2. 
 793973307,1.450776279\H,-2.1556182133,2.0766291753,2.2261061452\H,-0.6 
 921718525,1.093265628,2.0174569286\O,-1.4995203484,2.0951641681,-0.803 
 8396052\C,-2.6336580469,0.2165821653,0.0786388838\C,-2.9858551154,-0.5 
 4640492,1.1947183237\C,-3.0732913153,-0.1680498184,-1.1909618361\C,-3. 
 7724111161,-1.6860846081,1.0418341927\H,-2.6485453458,-0.2560256637,2. 
 1909022658\C,-3.8580536439,-1.3051512144,-1.3433914976\H,-2.7830517545 
 ,0.4464789467,-2.0442152205\C,-4.2081214304,-2.0650472,-0.2262599861\H 
 ,-4.0456914473,-2.2796531335,1.9150605826\H,-4.1998107784,-1.602920560 
 7,-2.3354813509\H,-4.8240795096,-2.9577336346,-0.3454082949\\Version=E 
 S64L-G09RevE.01\State=1-A\HF=-384.6812319\RMSD=3.640e-09\RMSF=6.679e-0 
 6\Dipole=-0.4242798,-0.8252901,0.9052244\Quadrupole=-1.3331305,-1.7353 
 088,3.0684393,1.0750211,3.3377341,3.7810286\PG=C01 [X(C8H8O1)]\\@ 
 
ROOH 
 1\1\GINC-R342\FOpt\RM11\6-31+G(d,p)\C9H12O2\ROOT\26-Jun-2016\0\\# m11/ 
 6-31+G** opt=maxcyc=200 scf=(tight,maxcyc=200) int=ultrafine freq=nora 
 man\\beta-scission C fragment peroxide\\0,1\C,1.6894062911,-0.40414318 
 66,0.1354180185\C,2.3838195833,-0.2143081388,-1.2199025037\H,1.9330847 
 538,-0.8657949775,-1.979881888\H,2.2913163864,0.8258207163,-1.56530192 
 5\H,3.4530020582,-0.4461529298,-1.1403518327\H,1.8674180639,-1.4334347 
 866,0.4833448559\C,0.1872932201,-0.1891079696,0.05713095\C,-0.34095803 
 7,1.0044593147,-0.4464771071\C,-0.6974335698,-1.1730036861,0.503497613 
 3\C,-1.7173808451,1.2069615255,-0.5039651267\H,0.3327856944,1.78777722 
 65,-0.802297856\C,-2.0763653948,-0.976347401,0.4458891421\H,-0.2976677 
 83,-2.1091721309,0.9005431934\C,-2.5906008711,0.2155860712,-0.05822686 
 46\H,-2.1109569021,2.144399442,-0.9000080451\H,-2.7507846975,-1.758966 
 7185,0.7968526354\H,-3.6690123943,0.372776351,-0.1047798939\C,2.269938 
 9095,0.5397977677,1.1914896355\H,2.1601806576,1.5942539667,0.883794707 
 3\H,1.780079344,0.3993073587,2.1682444019\O,3.6517156874,0.2321743412, 
 1.3087362625\O,4.1513424097,1.1407150143,2.2957244978\H,5.0815086153,0 
 .8749288195,2.323239259\\Version=ES64L-G09RevE.01\State=1-A\HF=-500.27 
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 33191\RMSD=5.889e-09\RMSF=4.513e-06\Dipole=0.0014208,-0.1453982,-0.143 
 5145\Quadrupole=5.2328739,-0.6524205,-4.5804534,-0.3666608,0.8645867,- 
 2.8072749\PG=C01 [X(C9H12O2)]\\@ 
 
Poly(methyl	acrylate)	
pMA 
 1\1\GINC-R63\FOpt\RM11\6-31+G(d,p)\C9H16O4\ROOT\03-Apr-2016\0\\# m11/6 
 -31+g(d,p) int=ultrafine scf=maxcyc=200 opt=(maxcyc=200) freq=noraman\ 
 \MA\\0,1\C,-0.1925435647,-1.3139251763,0.3320802243\C,-0.7846038851,0. 
 007742688,0.83560074\H,-1.8467528443,-0.1534315546,1.0763684234\H,-0.2 
 734330845,0.2962440587,1.7679462092\C,-0.7077306488,1.1790108842,-0.16 
 84542605\C,0.7497171316,1.4504767192,-0.489806238\C,1.3239658545,-1.24 
 95709775,0.3119362139\O,1.3323706027,2.2673579148,0.3932039767\O,1.853 
 1446706,-1.9953371144,-0.6620412785\C,2.7538909319,2.4061637232,0.2572 
 044326\H,3.0003782414,2.7778353866,-0.7450157441\H,3.2239814547,1.4279 
 713935,0.421786767\H,3.0592849188,3.1204045151,1.0268364571\C,3.272725 
 8358,-1.872748176,-0.8181924928\H,3.7840282556,-2.1689664752,0.1060047 
 664\H,3.5141816954,-0.8284165237,-1.0581614506\H,3.5421945151,-2.53368 
 27096,-1.64641304\O,1.3513103789,0.9383561479,-1.4146194495\O,1.997301 
 4267,-0.6209418176,1.1051905329\C,-0.5996335471,-2.4862196156,1.241589 
 8498\H,-0.1567188937,-3.429213909,0.8952247218\H,-1.6918623861,-2.5990 
 771285,1.2481491374\H,-0.2644667095,-2.2999276242,2.2717658299\C,-1.42 
 74964071,2.4124733802,0.3813737151\H,-2.490896827,2.1860832373,0.53824 
 18579\H,-1.3552064038,3.2627424297,-0.3094332203\H,-0.9891217327,2.715 
 923131,1.3406214778\H,-1.1599159599,0.8581241405,-1.1180622645\H,-0.52 
 13250196,-1.5155189476,-0.6979558949\\Version=ES64L-G09RevE.01\State=1 
 -A\HF=-653.2232167\RMSD=4.356e-09\RMSF=3.972e-06\Dipole=-0.2968509,-0. 
 0835898,0.1490706\Quadrupole=5.3897425,1.5009843,-6.8907268,0.4067999, 
 -1.6444432,0.3469046\PG=C01 [X(C9H16O4)]\\@ 
 
int-1 
 1\1\GINC-R626\FOpt\UM11\6-31+G(d,p)\C9H16O7\ROOT\26-Aug-2015\0\\#um11/ 
 6-31+g(d,p) int=ultrafine scf=maxcyc=200 opt=(maxcyc=200) freq=noraman 
  #guess=read geom=allcheck\\O3 + pMA caged complex\\0,1\C,-0.234228554 
 6,1.1534267532,-0.4001810757\C,-0.6611969499,-0.209107651,-0.958304119 
 7\H,-1.7390285444,-0.1775642673,-1.1872617188\H,-0.1346508494,-0.38925 
 25894,-1.9089929237\C,-0.4063582243,-1.3992535655,-0.00680916\C,1.0824 
 923138,-1.4731285338,0.2775093497\C,1.273885211,1.3110392149,-0.469492 
 249\O,1.7504411209,-2.1868756703,-0.6331467392\O,1.7422496421,2.122652 
 0356,0.4833795927\C,3.1805551813,-2.1291829404,-0.529283659\H,3.499658 
 403,-2.4917093644,0.4556453751\H,3.5058209794,-1.0905072264,-0.6707649 
 574\H,3.5639730292,-2.7710519613,-1.327183391\C,3.1705293812,2.2111122 
 539,0.5588797037\H,3.5794750397,2.5842722262,-0.3881286749\H,3.5783515 
 405,1.2133909511,0.7708874648\H,3.3862250336,2.9005792634,1.3795909668 
 \O,1.6285450483,-0.8960097683,1.1981862547\O,1.9882266024,0.7897769875 
 ,-1.3036783214\C,-0.8772403415,2.3051958384,-1.1911587485\H,-0.5501913 
 928,3.2802633853,-0.8071843389\H,-1.970944696,2.2469575469,-1.10972629 
 14\H,-0.603437821,2.236912799,-2.253666643\C,-0.9623368616,-2.69867409 
 32,-0.5931219496\H,-2.0487581328,-2.6153989441,-0.7364200123\H,-0.7663 
 127292,-3.5550157551,0.065338002\H,-0.4999657466,-2.9054410575,-1.5665 
 873512\O,-3.4924546494,-0.554546288,0.860532384\O,-3.0375423713,0.6177 
 05383,0.9518919429\O,-4.0148166823,-0.8617796867,-0.2448732259\H,-0.86 
 84215496,-1.1792934722,0.9680402291\H,-0.5136268399,1.2393489964,0.660 
 8103551\\Version=ES64L-G09RevD.01\State=1-A\HF=-878.5629915\S2=0.38658 
 1\S2-1=0.\S2A=0.003371\RMSD=6.839e-09\RMSF=7.607e-06\Dipole=-0.2592149 
 ,-0.0810691,0.028257\Quadrupole=5.2705966,1.3946145,-6.665211,0.621494 
 4,-0.8085436,0.3185591\PG=C01 [X(C9H16O7)]\\@ 
 
TS1a 
 1\1\GINC-R3456\FTS\UM11\6-31+G(d,p)\C9H16O7\ROOT\26-Aug-2015\0\\#um11/ 
 6-31+g(d,p) int=ultrafine scf=maxcyc=200 opt=(ts,calcfc,noeigen,maxcyc 
 =200) freq=noraman #guess=read geom=allcheck\\TS for O3 H abstraction  
 of pMA\\0,1\C,0.341564154,-1.5956361785,-0.3155568352\C,-0.6918329839, 
 -0.6767479587,0.3399498574\C,0.0798049444,-3.0694381029,0.0367497279\C 
 ,1.7401308502,-1.2221053854,0.1428607885\C,-0.7443416604,0.7561697387, 
 -0.1871959663\H,-0.4856711331,-0.6244605426,1.423197468\H,0.8451523447 
 ,-3.7174345267,-0.4079912053\H,0.0878464914,-3.2150356547,1.1266076153 
 \H,-0.9015785681,-3.3805271857,-0.3445282738\O,2.680578567,-1.73367941 
 27,-0.6552780231\O,1.9972302976,-0.552805271,1.1251470791\C,-1.7778814 
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 329,1.6397068712,0.4744768627\C,0.6114088347,1.3793293405,-0.408883454 
 3\C,4.0218374686,-1.3236101965,-0.3612602664\H,-1.8499125844,2.6120015 
 552,-0.0268680044\H,-2.7623620434,1.1542293436,0.4547827542\H,-1.49194 
 72002,1.8111139417,1.5234037214\O,0.8956931564,2.3349444186,0.47430281 
 65\O,1.3696190422,1.0296708502,-1.292805922\H,4.0952389204,-0.23276028 
 53,-0.4655733306\H,4.2924690076,-1.6133186103,0.6613854388\H,4.6577290 
 504,-1.8263468486,-1.0947964916\C,2.2343301724,2.8504981536,0.39680394 
 33\H,2.3040005516,3.6167144065,1.1732382074\H,2.9410852788,2.032078017 
 3,0.5867175586\H,2.4136387394,3.2754956016,-0.5979983062\H,-1.69523810 
 17,-1.113281051,0.2209353926\O,-1.493193447,0.5174119134,-2.6134660045 
 \O,-0.7553899131,1.4859765235,-3.202720947\O,-1.0520026851,2.641399054 
 2,-2.7723565819\H,-1.1322592704,0.597060578,-1.3835374541\H,0.32625315 
 2,-1.4716130973,-1.408742165\\Version=ES64L-G09RevD.01\State=1-A\HF=-8 
 78.5338656\S2=0.770844\S2-1=0.\S2A=0.04484\RMSD=3.877e-09\RMSF=3.803e- 
 06\Dipole=0.2943406,-0.4463487,0.8968784\Quadrupole=5.7842129,2.373452 
 5,-8.1576654,2.8180579,-3.2283247,2.9146787\PG=C01 [X(C9H16O7)]\\@ 
 
TS1b 
 1\1\GINC-R1915\FTS\UM11\6-31+G(d,p)\C9H16O7\ROOT\26-Aug-2015\0\\#um11/ 
 6-31+g(d,p) int=ultrafine scf=maxcyc=200 opt=(ts,calcfc,noeigen,maxcyc 
 =200) freq=noraman #guess=read geom=allcheck nosymm iop(1/8=1)\\TS for 
  O3 H abstraction of pMA\\0,1\C,-0.6210362948,-1.2149954478,0.37272738 
 05\C,-0.7889144364,0.277226967,0.6158192186\C,-1.1795173049,-2.0430336 
 241,1.5380191883\C,0.8763244418,-1.4815061707,0.237278964\C,-0.3459617 
 052,1.230722768,-0.4873087544\H,-0.4413568137,0.5894124635,1.612640187 
 5\H,-1.0676115115,-3.1174352419,1.3452001105\H,-0.6384934931,-1.795380 
 1266,2.4613065911\H,-2.2458493938,-1.8256771043,1.6823244905\O,1.19247 
 73672,-2.0843663934,-0.9058666719\O,1.6909877927,-1.1578173263,1.07854 
 18575\C,-0.9890208507,2.616032083,-0.3307583042\C,1.1769188436,1.32950 
 5808,-0.4329716877\C,2.6017218484,-2.2551029805,-1.1420064154\H,-0.601 
 6772782,3.3137291587,-1.0841267949\H,-2.0754717463,2.531625355,-0.4586 
 397493\H,-0.7742171204,3.0258668826,0.6650713812\O,1.6000234999,1.9051 
 726188,0.6962163592\O,1.9260438849,0.9085315751,-1.2886478856\H,3.0453 
 845116,-2.8479017876,-0.3330327498\H,2.679600242,-2.7742900644,-2.1006 
 252202\H,3.0743623695,-1.2660018044,-1.1900961127\C,3.0207405938,1.868 
 805566,0.9065504522\H,3.1935410568,2.3676218398,1.8638128461\H,3.34617 
 08587,0.8210313647,0.9442908565\H,3.533695069,2.3925608795,0.090915945 
 4\H,-2.0490496353,0.433918971,0.7347903949\O,-3.3285210928,0.406561182 
 8,0.7106104914\O,-3.5768017266,-0.4380556148,-0.3273532273\O,-3.226024 
 1481,0.0606759801,-1.4433677676\H,-0.589003209,0.7998953238,-1.4679636 
 886\H,-1.0973526191,-1.4974021004,-0.5767626861\\Version=ES64L-G09RevD 
 .01\HF=-878.533619\S2=0.811477\S2-1=0.\S2A=0.050566\RMSD=5.728e-09\RMS 
 F=6.801e-07\Dipole=0.6355554,-0.0627553,0.4111557\Quadrupole=-1.667940 
 5,5.3467816,-3.678841,0.68195,-0.9823415,1.8545087\PG=C01 [X(C9H16O7)] 
 \\@ 
 
int-2(rad) 
 1\1\GINC-R368\FOpt\UM11\6-31+G(d,p)\C9H15O4(2)\ROOT\10-Jun-2016\0\\# u 
 m11/6-31+g(d,p) opt=maxcyc=200 scf=(tight,maxcyc=200) freq=noraman int 
 =ultrafine\\pMA-C* (tertiary)\\0,2\C,-0.3898191973,0.4219449391,-0.296 
 5413621\C,-0.5039558699,-0.185726466,1.1023451435\C,0.7374766292,-0.25 
 7089709,-1.090953882\C,-0.1006473977,1.9053083503,-0.1889152106\C,-1.5 
 172997929,0.3625835735,2.0593517878\H,0.4794661933,-0.0950998515,1.598 
 0232388\H,0.8233701733,0.1798692029,-2.0936061643\H,1.7023990285,-0.14 
 20607982,-0.5758892393\H,0.5333326399,-1.3312096685,-1.1977918333\O,-0 
 .3171443907,2.542642769,-1.3469872136\O,0.3161502137,2.4646396704,0.80 
 48869254\C,-1.4499095833,-0.0982923308,3.4783039749\C,-2.5093513993,1. 
 3553872806,1.6837659931\C,-0.1328669368,3.9616949207,-1.3039752785\H,- 
 2.4472008239,-0.3230907456,3.8785681148\H,-0.8098548528,-0.985090314,3 
 .5706858432\H,-1.0279840384,0.696485771,4.1156667363\O,-3.2709632882,1 
 .745895141,2.7351583928\O,-2.6843503956,1.8183974923,0.562669357\H,-0. 
 8224248044,4.3979249771,-0.5700365768\H,0.8986141449,4.2022757828,-1.0 
 176603185\H,-0.3550610955,4.325092972,-2.3111864838\C,-4.255492197,2.7 
 370150288,2.430885444\H,-4.9518225757,2.3594978171,1.6712777929\H,-4.7 
 764213323,2.9410610117,3.3709024169\H,-3.7712470315,3.6443827338,2.048 
 1458985\H,-0.6811382797,-1.2726123405,1.0011118434\H,-1.3340297399,0.3 
 267577902,-0.8458483406\\Version=ES64L-G09RevE.01\State=2-A\HF=-652.57 
 03737\S2=0.75612\S2-1=0.\S2A=0.750023\RMSD=4.769e-09\RMSF=6.582e-06\Di 
 pole=-0.1822873,-0.3843564,0.1367527\Quadrupole=-1.6967741,3.2978431,- 
 1.6010691,-3.0626831,-4.3810579,-2.2311508\PG=C01 [X(C9H15O4)]\\@ 
A4-26 
 
       
 
hydrotrioxide 
 1\1\GINC-R2563\FOpt\RM11\6-31+G(d,p)\C9H16O7\ROOT\01-Apr-2016\0\\# m11 
 /6-31+g(d,p) int=ultrafine scf=maxcyc=200 opt=(maxcyc=200) freq=norama 
 n\\Intm 2 'zwitterionic' - OOH pos. b\\0,1\C,1.0519618316,-0.919351221 
 9,-0.3195812412\C,0.3006198999,-0.9921852304,1.0125536205\C,2.17754058 
 82,-1.9635144679,-0.3847095141\C,1.6318685341,0.4646578867,-0.53997489 
 01\C,-1.1340619635,-0.4353428621,0.9603251119\H,0.8534633841,-0.433056 
 0217,1.782068802\H,2.7338569194,-1.8848932642,-1.3273993496\H,2.881028 
 7956,-1.831196523,0.4500519652\H,1.7401404035,-2.9682207436,-0.3143818 
 021\O,1.9532625805,0.6717057221,-1.8222823843\O,1.8049786334,1.3046309 
 779,0.3224487534\C,-1.8276049018,-0.5342616138,2.3136059393\C,-1.07494 
 39402,0.9998360183,0.4244795955\C,2.4004512219,1.9960130631,-2.1349851 
 352\H,-2.8451817098,-0.128106877,2.2547029673\H,-1.8787267175,-1.58767 
 0149,2.6153152131\H,-1.2645039735,0.0303410492,3.0648624201\O,-0.96633 
 63099,1.887955024,1.4116069819\O,-1.0535068141,1.2865395508,-0.7515510 
 225\H,1.6000932822,2.7121886321,-1.9048164675\H,3.2935696461,2.2446550 
 012,-1.5486488005\H,2.6210787846,1.9943243638,-3.2058971198\C,-0.68348 
 16176,3.2329321301,0.9920508908\H,-0.6484123273,3.828231281,1.90824153 
 35\H,0.2854037906,3.2460505365,0.477094504\H,-1.4742781634,3.587632189 
 6,0.3201531029\H,0.2277201351,-2.039992363,1.33828291\O,-1.0365293156, 
 -3.1634679736,-0.4619605835\O,-2.0079684194,-2.4743180836,0.2911004552 
 \O,-1.916780656,-1.1171638802,-0.0523431929\H,-1.4947858478,-3.3139226 
 785,-1.305279422\H,0.3528578465,-1.0955216329,-1.1486260014\\Version=E 
 S64L-G09RevE.01\State=1-A\HF=-878.6503018\RMSD=7.599e-09\RMSF=4.236e-0 
 6\Dipole=0.2841125,0.0839288,-0.0944887\Quadrupole=-3.7558327,4.254572 
 3,-0.4987396,0.5997533,-3.8251871,2.1829502\PG=C01 [X(C9H16O7)]\\@ 
 
TS2a 
 1\1\GINC-R177\FTS\UM11\6-31+G(d,p)\C9H16O7\ROOT\15-Apr-2016\0\\# um11/ 
 6-31+g(d,p) int=ultrafine opt=(ts,calcfc,noeigen,maxcyc=200) scf=(tigh 
 t,maxcyc=200) nosymm freq=noraman # guess=read geom=allcheck\\TS for f 
 or peroxyl radical addition to *OpMA pos. b\\0,1\C,-0.3992810332,0.356 
 7357895,-0.1793833528\C,-0.4083971886,-0.4100604125,1.1535720466\C,0.7 
 438256841,-0.1660199058,-1.054282958\C,-0.3685107942,1.8542742933,0.03 
 4281122\C,-1.5513104908,-0.1635505366,2.2233660499\H,0.5392866874,-0.2 
 419400303,1.6845550169\H,0.7594740014,0.3421372346,-2.0245154382\H,1.7 
 190877194,-0.0095186223,-0.5714773102\H,0.6014861191,-1.240851251,-1.2 
 246397009\O,0.3412667707,2.522858708,-0.8794480758\O,-0.9674117216,2.4 
 212126743,0.9309143371\C,-1.0174303487,0.5347332952,3.4756846841\C,-2. 
 7748038192,0.5442249898,1.6165264015\C,0.3346662262,3.9516758057,-0.74 
 42756149\H,-1.7975984067,0.5960813237,4.2432577133\H,-0.1754193602,-0. 
 0497308094,3.8659893594\H,-0.6928332828,1.549648723,3.218047918\O,-3.2 
 598217566,1.5223623046,2.3546706796\O,-3.3062350105,0.1722355129,0.578 
 5188306\H,-0.6914111039,4.3300292851,-0.8279990749\H,0.7439365545,4.23 
 67901589,0.2323944672\H,0.9592332096,4.3307079533,-1.5574903381\C,-4.3 
 577888453,2.2514028915,1.783234892\H,-5.1908133806,1.570900666,1.57174 
 79204\H,-4.6362847902,3.0007395635,2.5282179221\H,-4.0219653129,2.7276 
 397353,0.853469177\H,-0.4451782889,-1.4762297926,0.8886591278\O,-3.075 
 9450988,-2.321172757,-0.4527998715\O,-1.8989870591,-2.2454649694,-1.01 
 84368767\O,-1.9425277257,-1.4591985147,2.5092938661\H,-3.2114442764,-1 
 .4418370076,-0.0057555119\H,-1.3453576575,0.1600873709,-0.7044662677\\ 
 Version=ES64L-G09RevE.01\HF=-878.6165998\S2=1.005684\S2-1=0.\S2A=0.047 
 631\RMSD=2.505e-09\RMSF=2.902e-06\Dipole=0.5143062,2.2906971,0.3530475 
 \Quadrupole=2.5921799,-0.7557944,-1.8363855,-9.8218029,-3.2408927,-1.4 
 097096\PG=C01 [X(C9H16O7)]\\@ 
 
alkoxyl 
 1\1\GINC-R2861\FOpt\UM11\6-31+G(d,p)\C9H15O5(2)\ROOT\21-May-2016\0\\#  
 m11/6-31+g(d,p) opt=(maxcyc=200) freq=noraman nosymm scf=(tight,maxcyc 
 =200) int=ultrafine\\pMA-O* (tertiary)\\0,2\C,-0.2157895444,0.42780421 
 44,-0.1450600278\C,-0.5076271317,-0.1137311582,1.2572760227\C,1.234021 
 8308,0.1150289159,-0.556205274\C,-0.4002638726,1.9339797039,-0.1846640 
 158\C,-2.0340560974,-0.2361381639,1.6152207096\H,-0.0564186217,0.54420 
 2288,2.0152514856\H,1.4580245283,0.5355332506,-1.5448570654\H,1.940475 
 1993,0.537957176,0.1724270699\H,1.3884004745,-0.9709497144,-0.59920115 
 38\O,-0.6830431839,2.3740572151,-1.4118021997\O,-0.2778510551,2.672228 
 6066,0.7741286051\C,-2.1794845422,-0.8011865981,3.0342690301\C,-2.6495 
 766713,1.1695402402,1.451695707\C,-0.9957598095,3.7699348195,-1.503644 
 2136\H,-3.2394990169,-0.888933775,3.3033954511\H,-1.7242643914,-1.7988 
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 498067,3.0612878085\H,-1.687707058,-0.144687954,3.760725548\O,-2.59007 
 29926,1.8730995444,2.5840139779\O,-3.0773589979,1.6025607997,0.4062616 
 069\H,-1.8852493362,3.9766255914,-0.8931917963\H,-0.1524838968,4.37299 
 26989,-1.1453977271\H,-1.1981088637,3.9634397257,-2.5603814598\C,-2.96 
 62252528,3.2549540904,2.4650448127\H,-3.9903923506,3.3304246184,2.0800 
 896302\H,-2.8930241051,3.6718049427,3.4730459749\H,-2.2675443218,3.753 
 9785666,1.7814799885\H,-0.0874859431,-1.1234189632,1.3632568457\O,-2.5 
 379837438,-1.0925065182,0.677149051\H,-0.9102022324,-0.0034473567,-0.8 
 78850392\\Version=ES64L-G09RevE.01\HF=-727.7463902\S2=0.753175\S2-1=0. 
 \S2A=0.750007\RMSD=3.310e-09\RMSF=1.218e-05\Dipole=0.6015902,0.4036438 
 ,0.460993\Quadrupole=-5.7547096,3.6955651,2.0591445,-5.1687309,-5.4006 
 985,-2.0422078\PG=C01 [X(C9H15O5)]\\@ 
 
TS3a 
 1\1\GINC-R2880\FTS\UM11\6-31+G(d,p)\C9H15O5(2)\ROOT\21-May-2016\0\\# m 
 11/6-31+g(d,p) opt=(ts,calcfc,noeigen,maxcyc=200) freq=noraman nosymm  
 scf=(tight,maxcyc=200) int=ultrafine\\TS for C-Calpha fragmentation :  
 pMA-O* (tertiary)\\0,2\C,-0.1899091783,1.4637771855,0.2504781133\C,0.6 
 585260487,0.5340073149,1.0573320186\C,-0.0599595692,2.9255418176,0.735 
 5603898\C,-1.6453198218,1.0351322354,0.3035675681\C,1.2710753589,-1.01 
 80496275,-0.2447309972\H,0.165542935,-0.0600535594,1.8318447417\H,-0.6 
 917572754,3.579632097,0.1219482791\H,-0.3666395979,3.021279859,1.78595 
 51085\H,0.9813306977,3.258432588,0.6432024947\O,-2.3673933732,1.615027 
 4746,-0.6553589329\O,-2.1164328517,0.266747912,1.1193662863\C,2.129534 
 4214,-1.8158620738,0.723127926\C,-0.1923951464,-1.4863365008,-0.444235 
 0339\C,-3.7163064682,1.1440214521,-0.7745441288\H,2.3645117252,-2.7828 
 56743,0.2554832846\H,3.0672283236,-1.273082088,0.8876877306\H,1.620951 
 8064,-2.0147085887,1.6722144472\O,-0.5532623033,-2.3988264068,0.461612 
 0765\O,-0.91880103,-1.0636037784,-1.3131687601\H,-3.700043805,0.069390 
 5061,-1.0008057191\H,-4.2629952961,1.3172136366,0.1604164478\H,-4.1588 
 714911,1.7074302786,-1.6001757414\C,-1.9161944339,-2.8505180075,0.3689 
 768787\H,-2.0972020833,-3.2722710522,-0.6273433629\H,-2.0297326682,-3. 
 6129805016,1.1441868293\H,-2.587304655,-2.0018351354,0.5479881885\H,1. 
 6808503929,0.8569717065,1.2602701804\O,1.7731032479,-0.3476594404,-1.1 
 58935856\H,0.1233760903,1.4121034395,-0.8055534575\\Version=ES64L-G09R 
 evE.01\HF=-727.7277698\S2=0.769659\S2-1=0.\S2A=0.75008\RMSD=8.604e-09\ 
 RMSF=2.546e-06\Dipole=-0.5271791,-0.0180275,1.0604858\Quadrupole=2.712 
 3208,5.2623921,-7.9747129,0.2586198,5.8644982,-0.2403436\PG=C01 [X(C9H 
 15O5)]\\@ 
 
CH3COR1 
 1\1\GINC-R252\FOpt\RM11\6-31+G(d,p)\C4H6O3\ROOT\14-Jun-2016\0\\# m11/6 
 -31+G** opt=maxcyc=200 scf=(tight,maxcyc=200) int=ultrafine freq=noram 
 an\\beta-scission acetone fragment\\0,1\C,2.0060641523,-0.6023754205,0 
 .5725218394\C,3.1034142395,-0.8202357364,-0.4344266775\C,1.2405482053, 
 0.7502151299,0.521948278\H,3.8646598385,-0.035289537,-0.3326472952\H,3 
 .5447274612,-1.8081605053,-0.2742754568\H,2.6983637057,-0.7376039646,- 
 1.4517984962\O,1.7043526829,1.5384420935,-0.4576542015\O,0.3465079387, 
 1.0464187658,1.2694168255\C,1.0484813639,2.8122372132,-0.5732348478\H, 
 1.1644337048,3.3736931701,0.3617438963\H,1.5356234048,3.3270367562,-1. 
 4051471058\H,-0.0194141747,2.6612332631,-0.7723993164\O,1.6798044873,- 
 1.4007472079,1.4133345679\\Version=ES64L-G09RevE.01\State=1-A\HF=-381. 
 541641\RMSD=4.157e-09\RMSF=4.675e-06\Dipole=0.8012441,0.9546089,-1.434 
 9651\Quadrupole=0.1932227,1.8836778,-2.0769005,-1.7038983,2.5944171,1. 
 6269533\PG=C01 [X(C4H6O3)]\\@ 
 
ROOH 
 1\1\GINC-R370\FOpt\RM11\6-31+G(d,p)\C5H10O4\ROOT\26-Jun-2016\0\\# m11/ 
 6-31+G** opt=maxcyc=200 scf=(tight,maxcyc=200) int=ultrafine freq=nora 
 man\\beta-scission C fragment peroxide\\0,1\C,1.1423542882,0.179628594 
 5,-0.4161260145\C,1.4950468501,1.4217595982,0.4163884028\C,-0.24584058 
 43,-0.3205259562,-0.0701287286\H,0.7676429363,2.2233909055,0.243042490 
 9\H,1.4996895801,1.1764384294,1.4881063443\H,2.4950951108,1.7780434934 
 ,0.1432379338\O,-1.1870968416,0.6060288165,-0.3118349034\O,-0.50443338 
 8,-1.416191653,0.3789724813\C,-2.5301802334,0.2099093744,-0.0007980329 
 \H,-2.8084263646,-0.6696400165,-0.5943218519\H,-2.610381862,-0.0379906 
 782,1.0647266773\H,-3.1608746718,1.0669059619,-0.2519920366\H,1.127981 
 0434,0.4574289961,-1.4815820533\C,2.1362730211,-0.9587489289,-0.212574 
 919\H,1.8519529992,-1.8528658408,-0.7865863235\H,2.2163937399,-1.23116 
 79795,0.8517589184\O,3.386489966,-0.4676402583,-0.676586362\O,4.304951 
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 9693,-1.544069783,-0.4685140976\H,5.1255010913,-1.1379619755,-0.782431 
 5153\\Version=ES64L-G09RevE.01\State=1-A\HF=-497.1519022\RMSD=8.858e-0 
 9\RMSF=1.767e-05\Dipole=-0.2125938,0.8749904,-0.2394454\Quadrupole=7.9 
 839926,-6.0474309,-1.9365618,-1.010385,-0.9209857,1.7164985\PG=C01 [X( 
 C5H10O4)]\\@ 
 
Poly(methyl	methacrylate)	
pMMA 
 1\1\GINC-R252\FOpt\UM11\6-31+G(d,p)\C11H20O4\ROOT\26-Oct-2015\0\\#um11 
 /6-31+g(d,p) int=ultrafine scf=maxcyc=200 opt=(maxcyc=200) freq=norama 
 n\\MMA\\0,1\C,-0.3072262122,1.3073978414,-0.4280748641\C,-0.6618462686 
 ,-0.2046396591,-0.530102277\H,-1.7604217242,-0.2754751532,-0.459130569 
 2\H,-0.3801817695,-0.5476886663,-1.537102697\C,-0.0676857113,-1.229177 
 7058,0.4725697793\C,1.4295462707,-1.3948709329,0.2056350599\C,1.204486 
 2958,1.4352031688,-0.2523512611\O,1.678232794,-1.8454850738,-1.0295062 
 937\O,1.5783916799,1.8875153942,0.948388598\C,3.0633844223,-1.88178452 
 04,-1.401717894\H,3.6173956561,-2.5408017293,-0.7218472693\H,3.4711122 
 763,-0.8640819477,-1.3538101326\H,3.0875856389,-2.2650748697,-2.425608 
 1423\C,2.9980060188,1.9421927758,1.1719479188\H,3.4658562785,2.5898337 
 936,0.4202845792\H,3.4115851331,0.9286070108,1.1060054372\H,3.12284840 
 11,2.353668913,2.177331776\O,2.3111460887,-1.1555260491,1.0063422372\O 
 ,2.0045716741,1.130643323,-1.1163024674\C,-0.2638877517,-0.8513174109, 
 1.9427032745\H,0.341368826,0.0205459872,2.2179986516\H,0.0487869884,-1 
 .683479525,2.5879239285\H,-1.3257326705,-0.6393102322,2.1354041855\C,- 
 0.6585934288,1.9409875945,-1.7880867967\H,-0.4933255368,3.0275056684,- 
 1.7701797649\H,-1.7197689138,1.7598084237,-2.0129684624\H,-0.043401315 
 5,1.5062771522,-2.5854238152\C,-1.0933037114,2.0339757523,0.6717734474 
 \H,-0.871934856,3.1099017877,0.6499039745\H,-0.8646612756,1.6700224097 
 ,1.6770651073\H,-2.1697752921,1.904021076,0.4864463599\C,-0.7471203588 
 ,-2.5844763154,0.1894891446\H,-1.8139836033,-2.5175261717,0.4467196733 
 \H,-0.2990063637,-3.3821543095,0.7987419517\H,-0.6536576788,-2.8605188 
 002,-0.8685723777\\Version=ES64L-G09RevD.01\State=1-A\HF=-731.8021133\ 
 S2=0.\S2-1=0.\S2A=0.\RMSD=3.552e-09\RMSF=1.238e-05\Dipole=-0.5083127,0 
 .0458166,-0.0430329\Quadrupole=2.2718744,1.2231177,-3.494992,0.5038789 
 ,-0.3757392,2.6177127\PG=C01 [X(C11H20O4)]\\@ 
 
int-1 
 1\1\GINC-R3405\FOpt\UM11\6-31+G(d,p)\C11H20O7\ROOT\13-Jul-2015\0\\#um1 
 1/6-31+g(d,p) int=ultrafine scf=maxcyc=200 opt=(maxcyc=200) freq=noram 
 an #guess=read geom=allcheck\\O3 + pMMA caged complex\\0,1\C,-0.070650 
 1329,0.1114492142,1.146548455\C,-1.2359710904,-0.9009568704,0.96139299 
 15\H,-0.7801197995,-1.823337646,0.5675235179\H,-1.6373793255,-1.138174 
 9654,1.9583374464\C,-2.4499179166,-0.5623426953,0.0569101942\C,-3.3022 
 982985,0.5081000006,0.7410973269\C,-0.6788305024,1.4717181561,1.478290 
 278\O,-3.7876121926,0.0949948764,1.917887972\O,-0.495422562,2.39869109 
 14,0.5335881082\C,-4.4589118079,1.1004941844,2.6907006879\H,-5.3171565 
 539,1.4929694618,2.1313979385\H,-3.7515149436,1.9101929433,2.910855202 
 \H,-4.7835808797,0.6038830327,3.6093096406\C,-1.1316768345,3.664301311 
 4,0.7806156763\H,-0.7671003274,4.0834054887,1.7265176153\H,-2.21744287 
 36,3.5171363975,0.8277174036\H,-0.8572486265,4.3027613355,-0.063641098 
 1\O,-3.5262723198,1.6138461598,0.2911445671\O,-1.3024983368,1.69069650 
 73,2.4996982703\C,-2.0720759635,-0.0692381999,-1.3416624775\H,-1.61941 
 60308,0.9287595007,-1.3060780564\H,-2.9715454176,0.000995756,-1.968421 
 5908\H,-1.3715021551,-0.7757066638,-1.8104959694\C,0.7208349277,-0.351 
 0225342,2.385283202\H,1.5993797165,0.2881155616,2.551635962\H,1.072680 
 1937,-1.381333691,2.2259406441\H,0.0892011386,-0.3198834662,3.28173177 
 46\C,0.8836104885,0.1562323871,-0.0547246065\H,1.7488294151,0.79382177 
 38,0.1739091178\H,0.4169200221,0.5463748475,-0.9628537094\H,1.24866774 
 73,-0.861447137,-0.2558307725\C,-3.2969852266,-1.8455333387,-0.0576082 
 569\H,-2.7323765526,-2.6007736024,-0.6246988289\H,-4.2356041297,-1.651 
 0082848,-0.5954716477\H,-3.5407463286,-2.2502048179,0.9331401771\O,0.2 
 384789516,-3.9844236847,-0.5813277577\O,-0.085547571,-3.1502625809,-1. 
 4696456319\O,1.0408020984,-3.5722898093,0.2992862344\\Version=ES64L-G0 
 9RevD.01\State=1-A\HF=-957.1410382\S2=0.382303\S2-1=0.\S2A=0.003278\RM 
 SD=3.427e-09\RMSF=6.707e-06\Dipole=0.2364465,-0.6354812,-0.1402863\Qua 
 drupole=0.0817798,3.9398297,-4.0216094,0.7044959,-3.0392769,1.8080639\ 
 PG=C01 [X(C11H20O7)]\\@ 
 
TS1a 
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 1\1\GINC-R3528\FTS\UM11\6-31+G(d,p)\C11H20O7\ROOT\13-Jul-2015\0\\#um11 
 /6-31+g(d,p) int=ultrafine scf=maxcyc=200 opt=(ts,calcfc,noeigen,maxcy 
 c=200) freq=noraman #guess=read geom=allcheck\\TS for O3 H abstraction 
  of pMMA\\0,1\C,2.0116924261,-0.9596487547,-0.0013544932\C,1.019799325 
 2,0.1095456049,0.4979278071\C,1.4783979455,-1.8106447319,-1.1640278746 
 \C,2.3350728338,-1.8811639901,1.189198925\C,3.301228134,-0.2090241745, 
 -0.3661441102\C,0.7156327628,1.4132363039,-0.2503161212\H,1.1824619916 
 ,0.3246134511,1.5646779419\H,0.630534833,-2.4118609732,-0.8100041231\H 
 ,1.1577095241,-1.2151285595,-2.0235009238\H,2.2623153832,-2.4986504297 
 ,-1.5065659202\H,3.009082992,-2.6912273698,0.8784305568\H,2.8168507153 
 ,-1.3150810091,1.9958465593\H,1.4040215805,-2.3311889804,1.5624335295\ 
 O,3.551058023,-0.1705816781,-1.6750437596\O,4.0128253972,0.3264041617, 
 0.4605594337\C,-0.4874155252,2.0969464423,0.4343129385\C,0.4514849657, 
 1.2581665226,-1.749305205\C,1.9419950863,2.3257501833,-0.0613862956\C, 
 4.7092224408,0.5942246633,-2.0594920857\H,-0.6369477963,3.1033286872,0 
 .019545294\H,-1.3946335399,1.5062734595,0.250875763\H,-0.3286089341,2. 
 1855873695,1.5165674098\H,1.3393143256,0.8984704892,-2.2823882744\H,-0 
 .3910985246,0.572377129,-1.9139542202\H,0.1875569166,2.2359724629,-2.1 
 726975137\O,2.1813076975,2.5894247255,1.22579848\O,2.6228707518,2.7589 
 275012,-0.9663081486\H,5.6023787909,0.1756806108,-1.5799920853\H,4.770 
 1732862,0.5089328235,-3.1476317096\H,4.5686613257,1.6370632105,-1.7510 
 106001\C,3.3945026488,3.3129528352,1.4894564239\H,3.4320952798,3.44522 
 07401,2.5740358316\H,4.245626848,2.7173404946,1.1355547744\H,3.3714088 
 682,4.2812875674,0.9751259866\H,-0.0904276778,-0.5248589646,0.58759805 
 53\O,-1.1329812801,-1.2218576897,0.8340987137\O,-1.6877357028,-1.51801 
 45427,-0.3753068456\O,-2.3554341183,-0.5517955908,-0.8596141147\\Versi 
 on=ES64L-G09RevD.01\State=1-A\HF=-957.1123427\S2=0.817272\S2-1=0.\S2A= 
 0.053811\RMSD=5.833e-09\RMSF=9.397e-06\Dipole=0.8281425,0.0767482,0.07 
 30534\Quadrupole=-4.1578814,2.8749512,1.2829302,-2.3871238,-2.0750676, 
 3.5676653\PG=C01 [X(C11H20O7)]\\@ 
 
TS1b 
 1\1\GINC-R1312\FTS\UM11\6-31+G(d,p)\C11H20O7\ROOT\06-Apr-2016\0\\# um1 
 1/6-31+g(d,p) int=ultrafine scf=maxcyc=200 opt=(ts,calcfc,noeigen,maxc 
 yc=200) freq=noraman # guess=read geom=allcheck\\TS for O3 H abstracti 
 on of pMMA (pri-C)\\0,1\C,-1.9639867239,0.4460168999,-0.6531559137\H,- 
 2.4970865173,0.8688504911,0.2119890774\C,-1.5633575664,-1.0061676807,- 
 0.2693528602\H,-1.0314842888,1.020903735,-0.7805192177\C,-2.8236219964 
 ,0.7132439509,-1.9211970696\C,-0.6324187058,-0.9158570433,0.9299234196 
 \C,-0.9046701495,-1.8035920118,-1.3977506299\C,-2.8091297103,-1.771772 
 8488,0.2181436078\C,-2.0110311678,0.6482710578,-3.2213850768\C,-3.4037 
 685103,2.133469608,-1.7700268881\C,-4.0052825613,-0.2539968444,-1.9111 
 928847\H,-0.1864336504,-1.8652071932,1.251620335\H,-0.9845702195,-0.29 
 25128089,1.7593761705\H,-0.5074499628,-2.7501791775,-1.0071177194\H,-1 
 .6361728625,-2.0473269953,-2.1768278513\H,-0.070025193,-1.2311657209,- 
 1.8240616629\O,-3.2571439408,-2.7648605156,-0.3115996767\O,-3.34817152 
 53,-1.211993374,1.3051235565\H,-1.6131456025,-0.347599136,-3.432916647 
 \H,-2.637855858,0.9431517481,-4.0739405286\H,-1.1707890668,1.354503360 
 8,-3.1539105493\H,-3.9800248181,2.417544554,-2.6616115532\H,-4.0622402 
 089,2.1902233658,-0.8944782791\H,-2.5817437531,2.8539213623,-1.6505263 
 502\O,-4.8779474378,-0.228014261,-1.0636175776\O,-3.9861334428,-1.1522 
 064024,-2.8987357901\C,-4.6074483715,-1.7669018729,1.7204603793\C,-5.0 
 496173044,-2.1205136008,-2.8739061057\H,-4.9011041052,-1.204412844,2.6 
 107368897\H,-5.3358619569,-1.6322712039,0.9111077179\H,-4.4880904752,- 
 2.8330324515,1.9486946398\H,-4.89565171,-2.7506594063,-3.7540064482\H, 
 -4.9803322913,-2.7077884166,-1.950407528\H,-6.0177513884,-1.6070653998 
 ,-2.9210485319\H,0.3893179377,-0.2499294553,0.4967559949\O,1.388333186 
 9,0.3255327347,0.0200133034\O,2.407461623,-0.5497479849,0.2848897816\O 
 ,2.3234302953,-1.6068582186,-0.4125415335\\Version=ES64L-G09RevE.01\St 
 ate=1-A\HF=-957.1072345\S2=0.833148\S2-1=0.\S2A=0.054502\RMSD=4.085e-0 
 9\RMSF=1.990e-06\Dipole=-0.790117,0.2243426,0.2079689\Quadrupole=-7.15 
 69894,-0.4498041,7.6067935,2.5205888,0.9332333,-1.6040001\PG=C01 [X(C1 
 1H20O7)]\\@ 
 
int-2(rad) 
 1\1\GINC-R220\FOpt\UM11\6-31+G(d,p)\C11H19O4(2)\ROOT\10-Jun-2016\0\\#  
 um11/6-31+g(d,p) opt=maxcyc=200 scf=(tight,maxcyc=200) freq=noraman in 
 t=ultrafine\\pMMA-C* (secondary)\\0,2\C,2.1985228218,-0.7422422822,-0. 
 2716054413\C,1.0827157019,0.2699232843,-0.286250761\C,1.8024834062,-1. 
 894731989,0.6793093033\C,2.4812374769,-1.3149199073,-1.6783818466\C,3. 
A4-30 
 
       
 4619552583,-0.1296474692,0.3371668367\C,1.0659170323,1.6278944118,-0.9 
 521873299\H,0.0989947352,-0.0892688306,0.0288117505\H,2.6098078157,-2. 
 6377672697,0.7397215549\H,1.5906575789,-1.5119119748,1.6866368847\H,0. 
 9025630445,-2.3938590025,0.2927385666\H,1.5369930617,-1.6522935822,-2. 
 1294114258\H,2.9434396171,-0.5547445815,-2.3193567804\H,3.1652360939,- 
 2.1706982484,-1.6081903367\O,3.4633358485,0.7203847704,1.2054537426\O, 
 4.5862044533,-0.67109642,-0.145071905\C,0.0453973382,2.5184724826,-0.2 
 262507635\C,0.6600470227,1.4905917957,-2.4427613225\C,2.4701675907,2.2 
 303595898,-0.9198293607\C,5.8002134377,-0.0756078659,0.3251362994\H,0. 
 3047970679,2.6289100733,0.8331445595\H,0.0040807702,3.5173956674,-0.68 
 05870958\H,-0.9508597008,2.0599723939,-0.3035273035\H,1.4118551661,0.9 
 264967959,-3.0053154535\H,-0.3065411505,0.9728492598,-2.5118403303\H,0 
 .5541908162,2.4853911838,-2.9003569711\O,3.4033836125,1.7856890758,-1. 
 563485687\O,2.5888253695,3.2831612519,-0.1117963361\H,5.8346411995,0.9 
 721867446,-0.0026879361\H,5.8483623235,-0.1209289519,1.4200430314\H,6. 
 6131651765,-0.6484404252,-0.1296162948\C,3.9243765508,3.7715635768,0.0 
 713870426\H,4.3734665743,4.0173568755,-0.8985954117\H,3.8336438386,4.6 
 608768148,0.7011454129\H,4.5166960502,2.9962667526,0.5745361082\\Versi 
 on=ES64L-G09RevE.01\State=2-A\HF=-731.1330705\S2=0.753512\S2-1=0.\S2A= 
 0.75001\RMSD=7.391e-10\RMSF=3.870e-06\Dipole=-0.0151052,-0.0574502,-0. 
 0664966\Quadrupole=4.7795854,2.1262132,-6.9057986,1.6932959,3.066112,- 
 0.6980372\PG=C01 [X(C11H19O4)]\\@ 
 
hydrotrioxide 
 1\1\GINC-R191\FOpt\UM11\6-31+G(d,p)\C11H20O7\ROOT\05-Apr-2016\0\\# um1 
 1/6-31+g(d,p) int=ultrafine scf=maxcyc=200 opt=(maxcyc=200) freq=noram 
 an\\Intm 2 'zwitterionic' - secondary H abstr.\\0,1\C,0.702465898,-1.4 
 890004375,0.0115622707\C,0.8938970273,0.0524932612,-0.0830950283\O,-0. 
 3222313684,0.7793421928,0.1550060651\O,-1.1868180212,0.7171654931,-0.9 
 61372167\O,-2.2685271928,-0.1040438946,-0.6089373183\H,-2.8698998526,0 
 .5171531426,-0.1664023001\C,1.7022719374,0.6810370736,-1.2710791491\H, 
 1.4530917038,0.3304097865,0.8261352842\C,-0.1855086205,-1.782777716,1. 
 2454118236\H,-1.2166766619,-1.4804749887,1.0365944517\H,-0.1688801618, 
 -2.8603587004,1.4618356176\H,0.1803172889,-1.2402503133,2.1279454821\C 
 ,0.1189424726,-2.1830610149,-1.2265166078\H,0.8687873685,-2.2983373724 
 ,-2.015328477\H,-0.217756662,-3.1905216113,-0.9484787418\H,-0.74271201 
 61,-1.6272598923,-1.6137534274\C,1.2455077065,0.3511871028,-2.70396486 
 21\H,1.767531195,1.0296899193,-3.3942345213\H,1.5065653063,-0.66904776 
 96,-2.9933264893\H,0.1687749661,0.5048599011,-2.8232910788\C,1.6815138 
 848,2.2083752192,-1.0787730966\H,1.9051022431,2.4921477503,-0.04314516 
 59\H,2.4245797477,2.6802303168,-1.735358611\H,0.6877461035,2.593432259 
 2,-1.3413299082\C,2.0673071578,-2.0698264665,0.3928477733\O,2.81417814 
 99,-1.5508075809,1.202373285\O,2.3399712298,-3.2322102265,-0.197251934 
 5\C,3.1262746613,0.139330999,-1.1006040823\O,3.5457992631,-0.862774888 
 8,-1.646982677\O,3.8555277892,0.8539233476,-0.2409555278\C,3.651145810 
 6,-3.753685188,0.0597215069\H,3.7033791785,-4.7070865314,-0.4729156081 
 \H,4.3944865626,-3.0461154982,-0.3316469596\H,3.7986642727,-3.89357103 
 02,1.1375345145\C,5.1420609602,0.3055702508,0.0824454467\H,5.738173925 
 8,0.188034639,-0.8308827124\H,5.6073856216,1.0213302433,0.7656260943\H 
 ,5.0015611248,-0.6675017769,0.569586836\\Version=ES64L-G09RevE.01\Stat 
 e=1-A\HF=-957.2217998\S2=0.\S2-1=0.\S2A=0.\RMSD=7.660e-09\RMSF=1.784e- 
 06\Dipole=-0.1240123,0.0633208,0.2388258\Quadrupole=7.2693938,0.239893 
 6,-7.5092874,-2.8317626,-1.0317964,-1.8745714\PG=C01 [X(C11H20O7)]\\@ 
 
TS2a 
 1\1\GINC-R2505\FTS\UM11\6-31+G(d,p)\C11H20O7\ROOT\21-Aug-2015\0\\#um11 
 /6-31+g(d,p) int=ultrafine scf=maxcyc=200 opt=(ts,calcfc,noeigen,maxcy 
 c=200) freq #guess=read geom=allcheck\\TS for for peroxyl radical addi 
 tion to *OpMMA\\0,1\C,-0.7404545144,1.6917579256,0.2492832784\C,-1.321 
 1007136,0.2366766224,0.2038876773\O,-0.500983062,-0.6053746461,-0.5198 
 354619\O,-0.7173592757,-0.3465863713,-2.4633151213\O,-0.8697205663,-1. 
 575661859,-2.9264448089\H,0.032568181,-1.9171073119,-3.0612545067\C,-2 
 .8508409247,0.018897171,-0.0782542565\H,-1.1731409112,-0.1729164191,1. 
 2305874052\C,-3.4288238364,0.8097267302,-1.2576571434\H,-2.885122361,0 
 .5694846818,-2.1776226455\H,-3.4022762216,1.8901370879,-1.0741418172\H 
 ,-4.4833879673,0.5302643182,-1.383995838\C,-3.0789286922,-1.4898018295 
 ,-0.2966002662\H,-2.643287515,-1.7904400547,-1.2564773051\H,-4.1566508 
 244,-1.7051744812,-0.3122553381\H,-2.6131680822,-2.0819318843,0.501556 
 6962\C,-0.5120174824,2.2953513236,-1.1410128641\H,0.2474239287,1.69915 
 32141,-1.6627843804\H,-0.136598042,3.3222277011,-1.0383308594\H,-1.417 
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 0049258,2.3264108728,-1.754736084\C,0.6125047971,1.6120558204,0.982742 
 8407\H,1.2625394422,0.9023558676,0.4549250536\H,0.4748682124,1.2809487 
 508,2.0199806265\H,1.102533271,2.5956106309,0.9923757412\C,-1.67277244 
 4,2.5210274031,1.1279952448\C,-3.6317521086,0.4163164191,1.1800939305\ 
 O,-3.2584925767,-0.2876316779,2.2561760016\O,-2.320476841,3.493732286, 
 0.484433425\C,-3.2606375221,4.2375722375,1.2803094242\H,-2.7400140952, 
 4.7084495626,2.123164712\H,-4.0350231371,3.5551079897,1.6512500975\H,- 
 3.6841219423,4.990280948,0.6098515014\C,-3.8536772549,0.1258229856,3.4 
 947994559\H,-3.5816636397,1.1713536892,3.6873746119\H,-3.4395207355,-0 
 .5355384313,4.2608539033\H,-4.9445481948,0.0264762644,3.4372338917\O,- 
 4.5086021071,1.2548568802,1.216872487\O,-1.8242693153,2.3041095824,2.3 
 159706906\\Version=ES64L-G09RevD.01\State=1-A\HF=-957.1884329\S2=0.684 
 177\S2-1=0.\S2A=0.015873\RMSD=9.447e-09\RMSF=3.264e-06\Dipole=0.612396 
 9,-0.2984613,-0.3195714\Quadrupole=-2.9756334,2.959622,0.0160114,-2.85 
 81794,-6.1387364,2.6729475\PG=C01 [X(C11H20O7)]\\@ 
 
alkoxyl 
 1\1\GINC-R2507\FOpt\UM11\6-31+G(d,p)\C11H19O5(2)\ROOT\21-May-2016\0\\# 
  m11/6-31+g(d,p) opt=(maxcyc=200) freq=noraman nosymm scf=(tight,maxcy 
 c=200) int=ultrafine\\pMMA-O* (secondary)\\0,2\C,-0.0287676919,-1.4772 
 043972,0.5875436767\C,-0.7235228571,-0.0676808475,0.6956643447\O,-2.05 
 42656849,-0.2381254307,0.9353376167\C,-0.4730758532,1.0250975985,-0.40 
 19426121\H,-0.341794866,0.3862483208,1.6435372228\C,-0.0666280204,-2.0 
 964016755,1.9960369771\H,-1.1086695216,-2.1355653494,2.3401324809\H,0. 
 3335193729,-3.1193620599,1.9777976918\H,0.5307657504,-1.5020261775,2.6 
 99008981\C,-0.7656888218,-2.4055232347,-0.3869207666\H,-1.8139179967,- 
 2.489560073,-0.0699909471\H,-0.7310266956,-2.0592937564,-1.4233038137\ 
 H,-0.3138570439,-3.4060054958,-0.3555220143\C,-0.7587825358,0.52468630 
 35,-1.819099654\H,-0.7266534437,1.3688924099,-2.5204995391\H,-0.010155 
 6741,-0.205251389,-2.1490710116\H,-1.7618528704,0.0758248943,-1.856289 
 3965\C,-1.3783707205,2.2291129536,-0.0758951358\H,-1.2541951857,2.5500 
 947446,0.9664164305\H,-1.1297086418,3.0738176461,-0.7333122418\H,-2.42 
 67296613,1.9524358806,-0.2357012371\C,1.4362751464,-1.2601005393,0.221 
 209716\O,2.2379572535,-0.7413895456,0.9748766519\O,1.7598258516,-1.674 
 7913292,-1.0047804388\C,0.9744345057,1.5063797694,-0.315493281\O,1.782 
 699008,1.4497038663,-1.2192963954\O,1.257970424,2.0283868415,0.8834609 
 294\C,3.120556972,-1.4271065547,-1.4018782368\H,3.2193123743,-1.859446 
 0784,-2.401191802\H,3.297193907,-0.3447589371,-1.4203218205\H,3.805193 
 9964,-1.9094676782,-0.693636183\C,2.6322462377,2.3910814746,1.08742141 
 4\H,2.9330829502,3.1428854306,0.3476166102\H,2.6866861449,2.7949533163 
 ,2.1020041286\H,3.2546878914,1.4928960982,0.9877206548\\Version=ES64L- 
 G09RevE.01\HF=-806.328349\S2=0.753269\S2-1=0.\S2A=0.750007\RMSD=7.637e 
 -09\RMSF=5.677e-06\Dipole=0.29876,-0.083914,-0.044394\Quadrupole=-1.47 
 42133,3.3494111,-1.8751978,-0.7099978,1.0053481,2.8109175\PG=C01 [X(C1 
 1H19O5)]\\@ 
 
TS3a 
 1\1\GINC-R1293\FTS\UM11\6-31+G(d,p)\C11H19O5(2)\ROOT\22-May-2016\0\\#  
 m11/6-31+g(d,p) opt=(ts,calcfc,noeigen,maxcyc=200) freq=noraman nosymm 
  scf=(tight,maxcyc=200) int=ultrafine\\TS for C-Calpha fragmentation : 
  pMMA-O* (secondary)\\0,2\C,0.4895188596,1.2616826384,0.6966756972\C,0 
 .6877469574,-0.2548113882,0.9947795207\O,1.8774532656,-0.6620789214,1. 
 1193324949\C,0.0658647834,-1.4498550934,-0.4126857593\H,-0.0898189979, 
 -0.6574415416,1.6833225508\C,0.6174433239,1.9176095981,2.0936493299\H, 
 1.6212323012,1.7141019182,2.4899236186\H,0.4801258622,3.0051693744,2.0 
 170972082\H,-0.1365163066,1.5184910134,2.7839997553\C,1.5657018801,1.8 
 280487431,-0.2282761741\H,2.5462072497,1.4907934363,0.130307608\H,1.44 
 13207729,1.5142836842,-1.2685646649\H,1.5347372014,2.9255841338,-0.206 
 4952463\C,0.6988219288,-0.993943475,-1.7002659523\H,0.5170949137,-1.76 
 3452881,-2.4676313928\H,0.2507742728,-0.0606633837,-2.0609159253\H,1.7 
 82003341,-0.8805982847,-1.5665293204\C,0.5175811599,-2.801881843,0.093 
 4137439\H,0.1995306698,-2.9691931091,1.1294063298\H,0.0643791129,-3.58 
 50182935,-0.5349293893\H,1.6082519906,-2.8787073804,0.037541784\C,-0.9 
 351857548,1.5051869958,0.2309054803\O,-1.9067171688,1.2183649818,0.907 
 0788717\O,-1.032570548,2.0605565794,-0.9779677277\C,-1.4373322709,-1.2 
 917842061,-0.4068382678\O,-2.0644037345,-0.8209362969,-1.3351995607\O, 
 -2.0044040611,-1.7566290079,0.706439146\C,-2.3728153995,2.2971277098,- 
 1.4444272933\H,-2.2644574152,2.7839377791,-2.4174203169\H,-2.897677868 
 ,1.3392915299,-1.5372779047\H,-2.899423357,2.9478615532,-0.7354147218\ 
 C,-3.4229789841,-1.5453954618,0.8072805352\H,-3.932271885,-2.044245968 
A4-32 
 
       
 7,-0.0262659745\H,-3.7196166957,-1.9800278424,1.7654667742\H,-3.622182 
 3999,-0.4668782903,0.7830671434\\Version=ES64L-G09RevE.01\HF=-806.3168 
 944\S2=0.769473\S2-1=0.\S2A=0.750097\RMSD=8.751e-09\RMSF=2.198e-06\Dip 
 ole=-0.6131714,0.0087846,-0.3405361\Polar=0.,0.,0.,0.,0.,0.\Quadrupole 
 =-1.7635451,4.3671155,-2.6035704,1.7376055,-2.508109,-0.4859609\PG=C01 
  [X(C11H19O5)]\\@ 
 
CH3COR1 
 1\1\GINC-R348\FOpt\RM11\6-31+G(d,p)\C6H10O3\ROOT\14-Jun-2016\0\\# m11/ 
 6-31+G** opt=maxcyc=200 scf=(tight,maxcyc=200) int=ultrafine freq=nora 
 man\\beta-scission acetone fragment\\0,1\C,-1.6817896449,-0.4075446221 
 ,-0.450628404\C,-0.5111037223,-1.3628950634,-0.7038990415\O,-0.4442046 
 274,-2.4659804046,-0.218501168\H,0.2640101939,-0.9812912461,-1.4057705 
 937\C,-2.4918260328,-0.3904339087,-1.7707581181\H,-2.8867034921,-1.395 
 0412567,-1.9717250955\H,-3.3375356885,0.3045429647,-1.6805794868\H,-1. 
 8634019432,-0.0703422987,-2.6119946399\C,-2.5296619143,-0.8713907396,0 
 .727379365\H,-2.8828409204,-1.892130375,0.5365308338\H,-1.9469708239,- 
 0.8828749355,1.6563549813\H,-3.3913410003,-0.2064857711,0.864471729\C, 
 -1.0760951054,0.9814675378,-0.2866859065\O,-0.2977464371,1.4623334473, 
 -1.0843648706\O,-1.4854135466,1.6254177669,0.8108609831\C,-0.938168817 
 4,2.9419322912,0.9868065983\H,-1.3734521058,3.3238821318,1.9138595347\ 
 H,0.1545759885,2.8841316802,1.0588740212\H,-1.2083903601,3.5751108014, 
 0.1330722782\\Version=ES64L-G09RevE.01\State=1-A\HF=-460.124357\RMSD=4 
 .413e-09\RMSF=4.757e-06\Dipole=-0.7158433,1.0506167,0.2071433\Quadrupo 
 le=0.5652413,-2.2661305,1.7008892,1.7364105,2.1737955,4.7771569\PG=C01 
  [X(C6H10O3)]\\@ 
 
ROOH 
 1\1\GINC-R139\FOpt\RM11\6-31+G(d,p)\C5H10O4\ROOT\26-Jun-2016\0\\# m11/ 
 6-31+G** opt=maxcyc=200 scf=(tight,maxcyc=200) int=ultrafine freq=nora 
 man\\beta-scission C fragment peroxide\\0,1\C,-1.7332927889,0.79338818 
 17,0.3382017897\H,-1.5861000029,0.9834549327,1.4084432936\H,-1.3298096 
 615,1.6330108937,-0.2423303012\H,-2.8060832832,0.6999487208,0.12857249 
 59\C,-1.5911069284,-1.7091944336,0.7172064521\H,-1.1291701726,-2.63810 
 06625,0.3640076015\H,-1.3869385576,-1.5907716699,1.7878345342\H,-2.674 
 2906402,-1.7641203566,0.5503182759\C,0.4598321097,-0.3455246943,0.2570 
 13019\O,0.9207347594,-0.4070338054,1.373578699\O,1.2048667973,-0.06843 
 77207,-0.8273773381\C,2.597819695,0.1652050835,-0.5596604151\H,3.04500 
 36724,-0.7272169631,-0.1053021519\H,3.0558604993,0.3867608094,-1.52726 
 51779\H,2.7062772999,1.0115644269,0.1288964689\C,-1.0349177933,-0.5122 
 536523,-0.0475715523\O,-1.264268443,-0.6274456263,-1.4498723994\O,-0.6 
 258233442,-1.8026678778,-1.9250938419\H,0.2070502029,-1.4358740962,-2. 
 2654462921\\Version=ES64L-G09RevE.01\State=1-A\HF=-497.161439\RMSD=3.9 
 67e-09\RMSF=2.299e-05\Dipole=0.6655091,0.4915352,-0.1245776\Quadrupole 
 =4.8298733,-0.1499401,-4.6799332,-0.3666796,-6.587808,-0.5602304\PG=C0 
 1 [X(C5H10O4)]\\@ 
 
Poly(vinyl	chloride)	
pVC 
 1\1\GINC-R277\FOpt\RM11\6-31+G(d,p)\C5H10Cl2\ROOT\13-Jun-2016\0\\# m11 
 /6-31+G** opt=maxcyc=200 scf=(tight,maxcyc=200) int=ultrafine freq=nor 
 aman\\poly-Vinylchloride\\0,1\C,1.1798485876,0.3756978593,0.264016635\ 
 C,-0.1130705674,-0.3740362867,0.5850563509\H,0.1418529266,-1.302261838 
 5,1.1218316082\H,-0.731397951,0.2358230313,1.2599744485\C,-0.936666357 
 7,-0.7674377117,-0.6387682661\C,2.0879624157,-0.3543510892,-0.71396896 
 09\H,3.0486944998,0.1645830096,-0.8105692692\H,1.6167162462,-0.3846707 
 955,-1.7068552292\H,2.2802264201,-1.3820655497,-0.374293254\C,-2.24830 
 5312,-1.4352732609,-0.2530238243\H,-2.039429164,-2.3440566983,0.329308 
 6051\H,-2.8252859381,-1.7128911781,-1.1429814688\H,-2.8565503851,-0.75 
 83280738,0.3612564042\H,-0.3552612467,-1.4239017198,-1.2982263859\H,0. 
 9488865399,1.380808822,-0.1064629657\Cl,-1.292172912,0.7032018606,-1.6 
 491567774\Cl,2.0652510879,0.6407903393,1.8276718296\\Version=ES64L-G09 
 RevE.01\State=1-A\HF=-1116.7796932\RMSD=2.690e-09\RMSF=9.425e-06\Dipol 
 e=-0.3132063,-0.8772413,-0.2739576\Quadrupole=0.0168682,2.5639433,-2.5 
 808115,1.2411972,-4.4536459,0.1970475\PG=C01 [X(C5H10Cl2)]\\@ 
 
int-1 
 1\1\GINC-R405\FTS\UM11\6-31+G(d,p)\C5H10Cl2O3\ROOT\13-Jun-2016\0\\# um 
 11/6-31+G** opt=(ts,calcfc,noeigen,maxcyc=200) scf=(tight,maxcyc=200)  
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 int=ultrafine freq=noraman # guess=read geom=allcheck\\O3 + pVinylchlo 
 ride caged complex\\0,1\C,1.053201135,0.962687338,0.7704926785\C,0.627 
 2128632,0.3156324064,-0.5425490257\H,-0.4547131474,0.4776838513,-0.669 
 9028417\H,1.1410601707,0.8265428999,-1.3731862227\C,0.9197097289,-1.17 
 54871185,-0.6638075394\C,0.6637287506,2.4310057123,0.8456804264\H,1.01 
 66775363,2.8811214897,1.7809262784\H,-0.4316549619,2.5219870288,0.8066 
 106392\H,1.0958301878,2.9897699527,0.0044179141\O,-2.7327961731,-0.525 
 4567606,1.5972567837\O,-1.9890868841,0.459748466,1.3415833115\O,-3.148 
 0929381,-1.1760689489,0.6049163371\H,1.9853693896,-1.367821501,-0.4915 
 20671\H,0.6376823537,0.4059505021,1.6190730601\C,0.4655845922,-1.74420 
 28118,-1.9991809808\H,-0.6133914865,-1.5884160863,-2.1350074758\H,1.00 
 01524238,-1.2350970227,-2.8138613782\H,0.6741398146,-2.8186095131,-2.0 
 617850538\Cl,0.0725523635,-2.0767465366,0.6761307968\Cl,2.8577263511,0 
 .8108883425,0.9567515434\\Version=ES64L-G09RevE.01\State=1-A\HF=-1342. 
 1213144\S2=0.376453\S2-1=0.\S2A=0.003135\RMSD=7.509e-09\RMSF=2.180e-04 
 \Dipole=-0.5914317,0.4315395,-0.6099071\Quadrupole=-2.8138883,-0.36320 
 56,3.1770939,-2.7357815,-3.4307372,1.1222794\PG=C01 [X(C5H10Cl2O3)]\\@ 
 
TS1b 
 1\1\GINC-R279\FTS\UM11\6-31+G(d,p)\C5H10Cl2O3\ROOT\13-Jun-2016\0\\# um 
 11/6-31+G** opt=(ts,calcfc,noeigen,maxcyc=200) scf=(tight,maxcyc=200)  
 int=ultrafine freq=noraman # guess=read geom=allcheck\\TS for O3 H abs 
 traction of pVinylchloride (pos. a)\\0,1\C,0.8088287793,-1.1826323199, 
 0.7210595694\C,0.3680124416,0.2507015742,0.5255474646\C,0.8569755854,1 
 .0307816106,-0.6717155842\H,0.4504569141,0.8231797686,1.4625211201\C,0 
 .2064273314,2.3987403349,-0.7948557778\H,0.6359851339,2.9516611035,-1. 
 6379392903\H,-0.870589325,2.2682863346,-0.967741354\H,0.3572104945,2.9 
 847237378,0.1218200393\H,-0.9241490651,0.2230817643,0.4019199982\O,-2. 
 1684271479,0.1866274446,0.2965364659\O,-2.374966469,-0.6264117913,-0.7 
 833013722\O,-1.9501437498,-0.1060418162,-1.8580008621\H,0.7329194246,0 
 .4424814012,-1.5873733477\H,1.892076074,-1.1783555065,0.9132633567\C,0 
 .0599587794,-1.8741662641,1.853214965\H,0.2026718345,-1.3122799395,2.7 
 871300957\H,-1.0143245573,-1.9203155406,1.6310769183\H,0.4349920258,-2 
 .8938303681,1.9957661842\Cl,2.6613242373,1.2203802134,-0.4642246375\Cl 
 ,0.6120834483,-2.1271110115,-0.8096119617\\Version=ES64L-G09RevE.01\St 
 ate=1-A\HF=-1342.087885\S2=0.823295\S2-1=0.\S2A=0.056039\RMSD=8.303e-0 
 9\RMSF=2.180e-06\Dipole=0.1236462,0.2667565,1.0128755\Quadrupole=-4.99 
 45274,1.568842,3.4256854,-1.3768527,0.6370945,-2.5606166\PG=C01 [X(C5H 
 10Cl2O3)]\\@ 
 
TS1a 
 1\1\GINC-R536\FTS\UM11\6-31+G(d,p)\C5H10Cl2O3\ROOT\13-Jun-2016\0\\# um 
 11/6-31+G** opt=(ts,calcfc,noeigen,maxcyc=200) scf=(tight,maxcyc=200)  
 int=ultrafine freq=noraman # guess=read geom=allcheck\\TS for O3 H abs 
 traction of pVinylchloride (pos. b)\\0,1\C,1.7327047751,-0.7703843052, 
 0.162488391\C,0.6298432733,-0.5806104444,1.1984786135\C,-0.3970093796, 
 0.4886121649,0.8600490489\H,1.1133510937,-0.2903076268,2.1474373156\H, 
 0.1166506007,-1.5368886898,1.3783702875\O,-2.2511856007,-0.3080994874, 
 -0.6690563652\O,-1.9166348677,-0.1930530036,-1.9784591711\O,-1.7834158 
 582,1.0153938604,-2.3428627203\H,-1.2177140794,0.0055375984,-0.0036997 
 858\H,2.2699522015,0.1727224501,0.0000237452\C,0.0918323892,1.79206650 
 79,0.2706170577\H,0.7855681966,2.2829094206,0.9718063783\H,0.606272202 
 6,1.6062579198,-0.6816155906\H,-0.7530231198,2.4628904752,0.0789294922 
 \C,2.7049732712,-1.8693784508,0.5671996742\H,3.1814519985,-1.609303727 
 ,1.5230651351\H,2.1761584937,-2.8241631969,0.6862162342\H,3.4864854554 
 ,-1.9963598532,-0.1908477328\Cl,-1.5035714345,0.7369034434,2.221861992 
 6\Cl,0.9974797485,-1.1768881158,-1.4432338001\\Version=ES64L-G09RevE.0 
 1\State=1-A\HF=-1342.0875144\S2=0.802486\S2-1=0.\S2A=0.050625\RMSD=6.2 
 36e-09\RMSF=1.788e-06\Dipole=1.6022247,0.0054933,1.0360491\Quadrupole= 
 1.4765215,1.8046624,-3.2811838,0.4492182,1.9605792,-0.6686301\PG=C01 [ 
 X(C5H10Cl2O3)]\\@ 
 
int-2(rad) 
 1\1\GINC-R180\FOpt\UM11\6-31+G(d,p)\C5H9Cl2(2)\ROOT\13-Jun-2016\0\\# m 
 11/6-31+G** opt=maxcyc=200 scf=(tight,maxcyc=200) int=ultrafine freq=n 
 oraman\\pVinylchloride-C* (tertiary)\\0,2\C,1.7992171895,-0.8234943097 
 ,0.2131450809\C,0.6879598232,-0.5922476971,1.2345269063\C,-0.289395880 
 2,0.4791915702,0.8603331066\H,1.1775416832,-0.3321037659,2.1943871385\ 
 H,0.1501027403,-1.5375851721,1.4052723455\H,2.3315935173,0.1141121762, 
 0.0072140139\C,0.0976705327,1.7266482175,0.1403407508\H,0.7255152553,2 
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 .3835543215,0.7706467327\H,0.6616069671,1.4823659329,-0.7706240744\H,- 
 0.7927324642,2.2953117035,-0.1519744416\C,2.7776569627,-1.8968649789,0 
 .6685141085\H,3.2557982824,-1.586626796,1.6084856609\H,2.2521300158,-2 
 .8459028742,0.8387775305\H,3.5572639305,-2.0611146635,-0.0844689534\Cl 
 ,-1.6732595458,0.5853168513,1.906019627\Cl,1.0749403502,-1.3125155658, 
 -1.3774273326\\Version=ES64L-G09RevE.01\State=2-A\HF=-1116.1181523\S2= 
 0.753624\S2-1=0.\S2A=0.750011\RMSD=3.581e-09\RMSF=7.172e-06\Dipole=0.9 
 810945,0.2289448,0.4503526\Quadrupole=0.6680838,1.7591687,-2.4272525,0 
 .1721415,2.3669303,-2.5549499\PG=C01 [X(C5H9Cl2)]\\@ 
 
hydrotrioxide 
 1\1\GINC-R215\FOpt\RM11\6-31+G(d,p)\C5H10Cl2O3\ROOT\13-Jun-2016\0\\# m 
 11/6-31+G** opt=maxcyc=200 scf=(tight,maxcyc=200) int=ultrafine freq=n 
 oraman\\Intm 2 'zwitterionic' - OOH pos. b\\0,1\C,2.1106300381,-0.1570 
 699437,-0.0012392716\C,0.7501562564,-0.3423189023,-0.6732326477\C,-0.4 
 06723984,-0.7789309999,0.2339135821\H,0.8787261541,-1.121332306,-1.437 
 9596363\H,0.4499453903,0.5813915644,-1.1891883372\O,-1.2319005245,0.18 
 08233839,2.9827875587\O,-1.8910696604,0.1668081859,1.7442619616\O,-0.9 
 162179202,0.4264334015,0.7624344815\H,-1.1537488682,1.1305778694,3.173 
 9079376\H,2.4024941723,-1.0768092079,0.5208460093\C,-0.0395199538,-1.8 
 035945436,1.2933072047\H,0.4187492907,-2.6733759625,0.8055409057\H,0.6 
 590364803,-1.3542627273,2.0107255517\H,-0.9351519471,-2.128541822,1.83 
 27763423\C,3.1731839559,0.2228305396,-1.0249419111\H,3.2559302729,-0.5 
 667603196,-1.7852755447\H,2.9055259386,1.1637059424,-1.5237238848\H,4. 
 1494010092,0.3502250125,-0.542886569\Cl,2.0644390305,1.1142375136,1.29 
 10901743\Cl,-1.7027908111,-1.5106278885,-0.8386982969\\Version=ES64L-G 
 09RevE.01\State=1-A\HF=-1342.20513\RMSD=6.370e-09\RMSF=1.805e-05\Dipol 
 e=1.1239581,-0.1219638,-0.1439809\Quadrupole=-2.7680403,0.9948372,1.77 
 32031,-4.1482893,-4.5086908,1.5020386\PG=C01 [X(C5H10Cl2O3)]\\@ 
 
TS2a 
 1\1\GINC-R542\FTS\UM11\6-31+G(d,p)\C5H10Cl2O3\ROOT\13-Jun-2016\0\\# um 
 11/6-31+G** opt=(ts,calcfc,noeigen,maxcyc=200) scf=(tight,maxcyc=200)  
 int=ultrafine freq=noraman # guess=read geom=allcheck\\TS for for pero 
 xyl radical addition to *OpVinylchloride pos. b\\0,1\C,-1.5216697221,- 
 0.3511963442,-0.0251417701\C,-0.4930193994,0.4351621874,-0.853839979\C 
 ,0.5546437277,1.1049632618,0.0552453461\H,-0.9913619137,1.2210451454,- 
 1.4386901648\H,0.0353578335,-0.220258409,-1.5531290612\O,1.537194836,- 
 2.4242934638,0.4791773266\O,1.7711508577,-1.3460615556,-0.2235388013\O 
 ,1.1324558145,0.2503219773,0.9292845076\H,0.5914497929,-2.6383480503,0 
 .3159152827\H,-1.2234795191,-0.3655698472,1.0301704518\C,-0.046454084, 
 2.2260106215,0.9274562033\H,-0.4764509394,2.9878851102,0.2661835818\H, 
 -0.8261900048,1.8124783989,1.5808736492\H,0.7383513562,2.6780930905,1. 
 5428254104\C,-2.9444851693,0.1629664931,-0.1799274222\H,-2.9785485157, 
 1.2151152075,0.1401754637\H,-3.261502467,0.1114612817,-1.2298676279\H, 
 -3.6484279521,-0.4138466686,0.4313206935\Cl,-1.4908200994,-2.121374742 
 4,-0.4916806649\Cl,1.8054898977,1.8775508057,-1.0502136953\\Version=ES 
 64L-G09RevE.01\State=1-A\HF=-1342.1701939\S2=0.780531\S2-1=0.\S2A=0.02 
 1237\RMSD=4.765e-09\RMSF=5.096e-06\Dipole=-1.8717541,0.4870226,0.28336 
 97\Quadrupole=-2.8533272,2.1231161,0.7302111,-2.3403642,-1.1113183,1.8 
 395145\PG=C01 [X(C5H10Cl2O3)]\\@ 
 
alkoxyl 
 1\1\GINC-R153\FOpt\UM11\6-31+G(d,p)\C5H9Cl2O1(2)\ROOT\14-Jun-2016\0\\# 
  m11/6-31+G** opt=maxcyc=200 scf=(tight,maxcyc=200) int=ultrafine freq 
 =noraman\\pVinylchloride-O* (tertiary)\\0,2\C,1.3049409401,-0.87413179 
 86,0.1042337484\C,0.0173654996,-0.548887311,-0.6673460433\C,-1.2200068 
 543,-0.4089848056,0.2612250692\H,-0.2080873828,-1.3307280086,-1.405584 
 9254\H,0.1153739849,0.4017402469,-1.2042680251\O,-1.0433702543,0.63132 
 04236,1.0776928575\H,1.2400107574,-0.4671284068,1.1213025404\C,-1.5144 
 343996,-1.6478019029,1.1319270399\H,-1.6352030932,-2.5173878395,0.4750 
 058903\H,-0.6880850712,-1.8065544043,1.8355673011\H,-2.4415082955,-1.4 
 84318224,1.6912650792\C,1.6442593723,-2.3601062606,0.1209335801\H,0.82 
 45615367,-2.9388716199,0.5673716729\H,1.802453253,-2.72001495,-0.90439 
 27602\H,2.5577502956,-2.54553904,0.698081321\Cl,2.6932670803,0.0134176 
 479,-0.655779679\Cl,-2.6786623693,-0.1663597467,-0.8510786671\\Version 
 =ES64L-G09RevE.01\State=2-A\HF=-1191.303821\S2=0.753121\S2-1=0.\S2A=0. 
 750007\RMSD=4.045e-09\RMSF=2.508e-05\Dipole=0.1051601,-1.3112458,0.478 
 9033\Quadrupole=-4.8504629,2.1979615,2.6525014,0.6172471,-0.4711491,-1 
 .8578773\PG=C01 [X(C5H9Cl2O1)]\\@ 
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acetone+Cl* 
 1\1\GINC-R143\FOpt\UM11\6-31+G(d,p)\C5H9Cl2O1(2)\ROOT\27-Jun-2016\0\\# 
  m11/6-31+G** opt=maxcyc=200 scf=(tight,maxcyc=200) int=ultrafine freq 
 =noraman\\pVinylchloride=O---Cl* cpx (tertiary)\\0,2\C,-1.4302426424,0 
 .0616470639,0.1039782462\C,-0.1099461051,-0.0217064478,-0.6731717522\C 
 ,0.990837834,0.6555627386,0.1238539697\H,-0.2275696033,0.4552354146,-1 
 .6559921185\H,0.1648911336,-1.076476562,-0.8128266468\O,1.344212054,0. 
 2201594652,1.2085948281\H,-1.3299720334,-0.4926192856,1.0440962666\C,1 
 .6156809689,1.9013989948,-0.4472842542\H,2.0970659812,1.6547020522,-1. 
 4046949025\H,0.8281243249,2.638284688,-0.6633951735\H,2.3503457907,2.3 
 158104214,0.2491287936\C,-1.880824003,1.4929824342,0.3602725687\H,-1.1 
 588599316,2.0009645356,1.0176331623\H,-1.9622595142,2.0504129966,-0.58 
 3821456\H,-2.8581211288,1.5083371153,0.8561922138\Cl,-2.6967611415,-0. 
 8105973229,-0.8481835902\Cl,0.7363584558,-2.132113542,1.8009729947\\Ve 
 rsion=ES64L-G09RevE.01\State=2-A\HF=-1191.3152589\S2=0.752801\S2-1=0.\ 
 S2A=0.750005\RMSD=6.438e-09\RMSF=2.409e-05\Dipole=0.2609203,1.519989,- 
 0.9283362\Quadrupole=-1.9506129,3.1108023,-1.1601894,1.6129496,-6.2898 
 997,-0.2826604\PG=C01 [X(C5H9Cl2O1)]\\@ 
 
Cumene	
cumene 
 1\1\GINC-R168\FOpt\RM11\6-31+G(d,p)\C9H12\ROOT\11-Jun-2016\0\\# m11/6- 
 31+g(d,p) int=ultrafine scf=maxcyc=200 opt=(maxcyc=200) freq=noraman\\ 
 Phenyl group\\0,1\C,2.0994250246,-0.0925519726,0.461455942\C,3.1992977 
 742,0.4181462153,-0.4810207383\H,2.9650591147,0.1627715129,-1.52526953 
 31\H,3.3049108392,1.5093743238,-0.4170801736\C,1.9736550817,-1.6203125 
 775,0.3670762109\H,1.1952079884,-1.99930877,1.0426539672\H,2.926206732 
 4,-2.1044806545,0.6252913933\H,1.7095300002,-1.9255453598,-0.656452341 
 5\H,2.3856200545,0.1647909135,1.493576864\C,0.7703656442,0.5894198855, 
 0.1798830418\C,0.1445792756,1.370854151,1.1530202988\C,0.1425702792,0. 
 4494349152,-1.0630626255\C,-1.0749587304,1.9978140535,0.8976349556\H,0 
 .6223186069,1.4897798725,2.1286987363\C,-1.0744050655,1.0723494037,-1. 
 3244904709\H,0.6139126287,-0.157573883,-1.8403833464\C,-1.6888604267,1 
 .8503712726,-0.343133226\H,-1.5460366934,2.6039408647,1.6732123733\H,- 
 1.547407493,0.9504897812,-2.3003768376\H,-2.6426151206,2.3390156886,-0 
 .5468926187\H,4.1666174851,-0.0414976364,-0.2330898715\\Version=ES64L- 
 G09RevE.01\State=1-A\HF=-349.9700537\RMSD=8.407e-09\RMSF=3.078e-06\Dip 
 ole=0.1277633,-0.0601209,0.040153\Quadrupole=0.6261297,-2.0111696,1.38 
 50399,-2.3035019,1.1996707,1.5351803\PG=C01 [X(C9H12)]\\@ 
 
TS(1,3dipolar) 
 1\1\GINC-R2407\FTS\RM11\6-31+G(d,p)\C9H12O3\ROOT\12-Jun-2016\0\\# m11/ 
 6-31+g(d,p) opt=(ts,calcfc,noeigen,maxcyc=200) scf=(tight,maxcyc=200)  
 freq=noraman int=ultrafine\\TS for O3 1,3 dipolar cycloaddition\\0,1\C 
 ,0.9486391198,-0.2109664735,0.4972583036\C,2.2135601277,0.2926695285,0 
 .9294057263\H,3.0156126414,0.3989182247,0.1995294196\O,1.2088147985,-2 
 .2350053197,0.8587089627\O,2.4865915022,-2.2768765711,0.7199115742\O,3 
 .0578273235,-1.4959696679,1.5660475948\H,0.8126090736,-0.4572379859,-0 
 .5571226597\C,2.2903836622,1.0135509477,2.160761968\H,3.2443754692,1.4 
 396070971,2.4706269402\C,1.1846997858,1.1078312819,2.9507521613\H,1.24 
 35447054,1.6163434826,3.9143171547\C,-0.0738645548,0.5747852487,2.5280 
 771631\H,-0.9333969304,0.6821477959,3.1909581961\C,-0.2202755527,-0.03 
 01428669,1.3122794645\C,-1.5338008429,-0.5702826193,0.7771709927\H,-1. 
 3190099088,-1.5833980831,0.3963326529\C,-2.6261772334,-0.6819338793,1. 
 8417856835\H,-2.2932525582,-1.277720541,2.7025822723\H,-3.5177108796,- 
 1.162343322,1.4168624699\H,-2.9299602362,0.3122933149,2.2033288546\C,- 
 2.0253326001,0.2906073503,-0.4002741714\H,-1.2739167187,0.3684188378,- 
 1.1979614885\H,-2.2561857655,1.3083727574,-0.0532951558\H,-2.937774428 
 ,-0.1386685378,-0.8370440795\\Version=ES64L-G09RevE.01\State=1-A\HF=-5 
 75.2851897\RMSD=5.974e-09\RMSF=6.323e-06\Dipole=-0.5263133,0.8383454,- 
 0.2171081\Quadrupole=0.8301403,-3.1991152,2.368975,3.4202488,-1.223357 
 8,1.9372105\PG=C01 [X(C9H12O3)]\\@ 
 
primary ozonide 
 1\1\GINC-R2546\FOpt\RM11\6-31+G(d,p)\C9H12O3\ROOT\12-Jun-2016\0\\# m11 
 /6-31+g(d,p) opt=(maxcyc=200) scf=(tight,maxcyc=200) freq=noraman int= 
 ultrafine\\primary ozonide\\0,1\C,0.1918227128,-0.7233762972,1.3640607 
 645\C,-0.418382268,-1.8140639333,0.4652794476\H,0.3534788989,-2.445857 
A4-36 
 
       
 7468,0.0054631695\H,-1.0683979907,-2.469921633,1.0598549713\C,-0.89855 
 66946,-0.0154335395,2.1682384228\H,-0.4780936217,0.7216796642,2.865799 
 4743\H,-1.4657471069,-0.7486098225,2.7568458765\H,-1.6071188147,0.5006 
 305913,1.5023605377\O,4.2099274514,-1.1796648326,0.1189427416\O,4.3384 
 073005,0.2153390623,-0.015857255\O,2.8658915621,-1.3147985045,0.561337 
 4273\H,0.8752663671,-1.224582075,2.0708497992\C,1.0558970037,0.2292564 
 914,0.561610871\C,2.1199146108,-0.4208724291,-0.2916209436\C,0.9380856 
 888,1.5639732372,0.565147663\C,3.2207164111,0.5103081177,-0.8693573014 
 \H,1.6595035983,-1.00237594,-1.1064244602\C,1.8606884659,2.4419699609, 
 -0.1685681662\H,0.1509531302,2.0403988966,1.1501714796\C,2.9302051608, 
 1.9771408879,-0.8206482132\H,3.479199568,0.1831704484,-1.887833833\H,1 
 .665379553,3.5156323777,-0.1477762162\H,3.6254078599,2.6445852012,-1.3 
 299570546\H,-1.0283178066,-1.3653117034,-0.3333739725\\Version=ES64L-G 
 09RevE.01\State=1-A\HF=-575.3585232\RMSD=9.423e-09\RMSF=6.980e-06\Dipo 
 le=-1.1847605,0.6066981,-0.5431698\Quadrupole=-4.0851995,2.1638315,1.9 
 213681,2.3775994,-3.7054813,-0.3882882\PG=C01 [X(C9H12O3)]\\@ 
 
TS1(sp2) step-wise 
 1\1\GINC-R2938\FTS\UM11\6-31+G(d,p)\C9H12O3\ROOT\15-Aug-2016\0\\# um11 
 /6-31+g(d,p) int=ultrafine scf=maxcyc=200 opt=(ts,calcfc,noeigen,maxcy 
 c=200) freq=noraman # guess=read geom=allcheck iop(1/8=1)\\TS for O3 C 
 (sp2)-H abstraction on Cumene phenyl\\0,1\C,-0.0043234054,2.6746702991 
 ,-1.0506936983\H,0.8670689161,3.201264889,-0.6337597859\C,-0.440023038 
 6,1.5198608255,-0.1383610384\H,0.263216546,2.3158569147,-2.0534798237\ 
 O,-1.8925778358,-1.5332425774,-1.1065680383\O,-2.4143362952,-1.8874067 
 646,0.1242464498\O,-2.4969123887,-0.891027721,0.903824777\H,-1.3325805 
 596,1.0457848004,-0.5704477665\H,-0.8179413111,3.4062429211,-1.1499664 
 221\C,-0.8043254372,2.0300517784,1.2629621814\H,0.0607405811,2.5174631 
 076,1.7378243024\H,-1.6159598726,2.7681229574,1.2004771813\H,-1.134089 
 6181,1.2060593937,1.9089697625\C,0.6388703896,0.4535282325,-0.04752860 
 77\C,0.4265847734,-0.8700361558,-0.3795916965\C,1.9382117963,0.7423035 
 453,0.4016880816\C,1.3423234459,-1.9004247187,-0.3030879718\H,-0.79005 
 80679,-1.1974292546,-0.8361947397\C,2.910624019,-0.2494862733,0.495463 
 7232\H,2.1814051139,1.7691621031,0.6862182789\C,2.6224171108,-1.569487 
 6277,0.1459658889\H,1.0800951119,-2.9209524035,-0.5832887035\H,3.90937 
 05166,0.00970914,0.8492253138\H,3.3877865096,-2.3427884112,0.221623351 
 8\\Version=ES64L-G09RevE.01\State=1-A\HF=-575.2695955\S2=0.874184\S2-1 
 =0.\S2A=0.075546\RMSD=8.135e-09\RMSF=3.256e-06\Dipole=1.1453538,0.3160 
 73,0.0350299\Quadrupole=0.2034047,3.472453,-3.6758577,-3.1612211,1.568 
 3667,0.4763069\PG=C01 [X(C9H12O3)]\\@ 
 
TS1(sp2) concerted 
 1\1\GINC-R2830\FTS\UM11\6-31+G(d,p)\C9H12O3\ROOT\13-Aug-2016\0\\# um11 
 /6-31+g(d,p) int=ultrafine scf=maxcyc=200 opt=(ts,calcfc,noeigen,maxcy 
 c=200) freq=noraman # guess=read geom=allcheck\\TS for O3 C(sp2)-H abs 
 traction on Cumene phenyl\\0,1\C,5.0418947699,-1.1227795741,2.55843420 
 82\C,4.0584909699,-0.3541833272,1.6735770215\H,4.7989788064,-0.9996699 
 429,3.6247847414\H,5.0546456251,-2.1963764486,2.3245763485\O,2.3333899 
 942,-0.6790615187,-0.8715533792\O,3.0839516359,0.3817335207,-1.0853294 
 487\O,2.3565286794,1.4584120843,-0.9353385567\H,4.394012194,-0.4369987 
 173,0.6249955996\C,4.0661989103,1.1445155114,2.0330208704\H,3.69444533 
 28,1.2946846274,3.0571955661\H,5.0929912607,1.5313615198,1.9817762887\ 
 H,3.4535979975,1.7375510717,1.3418301005\C,2.6513462572,-0.9052963333, 
 1.708986555\C,2.234687015,-1.8711508034,2.6281161116\C,1.6943605871,-0 
 .4144762667,0.7724516654\C,0.9255799503,-2.3418680398,2.6263929642\H,2 
 .9431850333,-2.2714139528,3.3527767422\C,0.3722217192,-0.9404862487,0. 
 7619729196\H,1.7614599941,0.6993233528,0.4685110171\C,-0.016021538,-1. 
 8760422246,1.6926942156\H,0.6302333843,-3.0993189004,3.3546984412\H,-0 
 .3143262184,-0.5805255917,-0.0059947854\H,-1.034111748,-2.2653289268,1 
 .6989626013\H,6.0567550877,-0.732525021,2.4070474021\\Version=ES64L-G0 
 9RevE.01\State=1-A\HF=-575.2705169\S2=0.\S2-1=0.\S2A=0.\RMSD=4.476e-09 
 \RMSF=9.285e-06\Dipole=-0.2548585,-1.0409052,1.4990338\Quadrupole=6.29 
 23744,-2.5870852,-3.7052892,2.4683087,0.3171443,0.5300762\PG=C01 [X(C9 
 H12O3)]\\@ 
 
int-1 
 1\1\GINC-R234\FOpt\UM11\6-31+G(d,p)\C9H12O3\ROOT\29-Jun-2016\0\\# um11 
 /6-31+g(d,p) int=ultrafine scf=maxcyc=200 opt=(maxcyc=200) freq=norama 
 n # guess=read geom=allcheck\\Cumene + O3 complex\\0,1\C,0.3364091971, 
 -1.637774112,-1.4685593964\H,-0.1727575518,-2.5644574405,-1.163959859\ 
A4-37 
 
       
 C,0.1722300495,-0.5538205767,-0.3927755992\H,-0.0946056992,-1.31554366 
 16,-2.4256935577\O,0.9728036694,2.3893819262,0.8080964826\O,2.10064482 
 61,1.8796315579,1.0438509901\O,2.7954697736,1.5770958295,0.037083871\H 
 ,0.6931462096,0.3514032809,-0.7460763736\H,1.3990481136,-1.8719564365, 
 -1.625127115\C,0.8128249078,-1.0078237302,0.9278807865\H,0.3822321197, 
 -1.9647093892,1.2576517565\H,1.8958931588,-1.157521912,0.8057112745\H, 
 0.6425494808,-0.2782862519,1.7325444507\C,-1.289293055,-0.1827593659,- 
 0.2026276485\C,-1.7517184729,1.0922256012,-0.5346410783\C,-2.206471903 
 1,-1.1138228834,0.2973859663\C,-3.094263066,1.4336713118,-0.3713283743 
 \H,-1.046010897,1.8279677889,-0.928082577\C,-3.5472925685,-0.778555274 
 4,0.4631662998\H,-1.8669840625,-2.1191116416,0.5603346523\C,-3.9964484 
 888,0.4992596802,0.1296202639\H,-3.4346031373,2.4359514403,-0.63662644 
 54\H,-4.2470477959,-1.5186291274,0.8550237614\H,-5.0468908081,0.763174 
 3865,0.2596904688\\Version=ES64L-G09RevE.01\State=1-A\HF=-575.3090781\ 
 S2=0.378759\S2-1=0.\S2A=0.003211\RMSD=7.292e-09\RMSF=7.430e-06\Dipole= 
 0.1742123,-0.0638968,0.1706202\Quadrupole=1.2520279,1.7733672,-3.02539 
 51,0.3302136,0.2281246,-1.1130509\PG=C01 [X(C9H12O3)]\\@ 
 
TS1a 
 1\1\GINC-R158\FTS\UM11\6-31+G(d,p)\C9H12O3\ROOT\30-Jun-2016\0\\# um11/ 
 6-31+g(d,p) int=ultrafine scf=maxcyc=200 opt=(ts,calcfc,noeigen,maxcyc 
 =200) freq=noraman # guess=read geom=allcheck\\TS for O3 H-abstraction 
  on Cumene\\0,1\C,0.7179049089,-0.6748072398,1.5258171356\C,-0.1413543 
 029,0.5501323578,1.2648938095\H,1.0850097789,-0.6696198666,2.56493856\ 
 H,0.1633254603,-1.6073189861,1.3594644368\O,-0.4979494752,0.5163318767 
 ,-1.2918317328\O,-0.0974095293,1.7519819995,-1.6150144427\O,-0.9836984 
 484,2.6388591034,-1.3973341083\H,-0.4244896496,0.4665580289,0.07166318 
 57\C,0.6506113343,1.8509274152,1.3352273394\H,1.0882073826,1.951463600 
 8,2.3410814182\H,1.4753265446,1.8470357894,0.6077580848\H,0.0219688049 
 ,2.7300201814,1.1485711879\C,-1.4796973939,0.5892173345,1.9423630476\C 
 ,-1.8196524053,-0.3106113339,2.9594476548\C,-2.4232899459,1.5523833147 
 ,1.5552401539\C,-3.0588446379,-0.2317964646,3.592276015\H,-1.106479503 
 8,-1.0734411125,3.2741950979\C,-3.6613000724,1.6269701524,2.1821745193 
 \H,-2.1875328001,2.228765354,0.7298635634\C,-3.9822472242,0.7367287972 
 ,3.2074798808\H,-3.302484982,-0.9339492484,4.3909374914\H,-4.384866895 
 2,2.3779936724,1.8622768372\H,-4.9540913876,0.7940896766,3.6995132643\ 
 H,1.5943112491,-0.6687456829,0.8647544501\\Version=ES64L-G09RevE.01\St 
 ate=1-A\HF=-575.288294\S2=0.731831\S2-1=0.\S2A=0.05181\RMSD=7.857e-09\ 
 RMSF=1.575e-06\Dipole=0.2562299,-0.3587341,1.0560268\Quadrupole=4.4211 
 227,-0.5515165,-3.8696062,-1.6289216,-1.0891216,-1.3252727\PG=C01 [X(C 
 9H12O3)]\\@ 
 
int-1w 
 1\1\GINC-R211\FOpt\UM11\6-31+G(d,p)\C9H14O4\ROOT\28-Jun-2016\0\\# um11 
 /6-31+g(d,p) int=ultrafine scf=maxcyc=200 opt=(maxcyc=200) freq=norama 
 n # guess=read geom=allcheck\\Cumene + H2O + O3 complex\\0,1\C,1.45721 
 77487,1.397804425,-0.6803252397\H,2.066394234,2.1045774332,-0.09672605 
 68\C,1.4972916009,0.0055145749,-0.0273833359\H,1.8564782749,1.37250742 
 51,-1.7038533516\O,-1.1833192853,-2.0114815417,-0.2717634819\O,-1.7475 
 597516,-0.8978600147,-0.4097995087\O,-1.4478112499,-0.250688582,-1.448 
 9931364\H,0.9213250431,-0.6830615985,-0.6687253262\H,0.4245231144,1.77 
 5234764,-0.7058112814\C,0.8322956272,0.0559059872,1.3509947164\H,1.336 
 6853646,0.78493289,2.0029203971\H,-0.210356533,0.3924827402,1.25741840 
 57\H,0.853992614,-0.9238720248,1.8494584088\H,-2.2864153946,1.86298472 
 48,-0.5566433488\O,-2.0475891592,1.8269077306,0.376519883\H,-2.3646539 
 289,2.6372750638,0.7873155864\C,2.9241006478,-0.5223317021,-0.00906771 
 51\C,3.4550101801,-1.0887857735,-1.1737725554\C,3.751521696,-0.4226098 
 078,1.1116164848\C,4.7700551684,-1.5408380349,-1.2222588675\H,2.816079 
 9077,-1.1774539915,-2.057036446\C,5.0710924975,-0.8743110755,1.0695962 
 119\H,3.3647533756,0.0074024679,2.0368538905\C,5.5861802641,-1.4340324 
 457,-0.0961763382\H,5.1592924125,-1.9828363448,-2.1410384772\H,5.69893 
 4621,-0.7895267181,1.9582988589\H,6.6170336501,-1.7895905111,-0.127583 
 3367\\Version=ES64L-G09RevE.01\State=1-A\HF=-651.7186465\S2=0.350738\S 
 2-1=0.\S2A=0.002671\RMSD=9.952e-09\RMSF=8.160e-06\Dipole=-0.8719433,0. 
 8101606,-0.1636804\Quadrupole=4.1384294,-1.5272674,-2.611162,-7.887954 
 6,2.1421247,1.7704493\PG=C01 [X(C9H14O4)]\\@ 
 
TS1aw 
 1\1\GINC-R218\FTS\UM11\6-31+G(d,p)\C9H14O4\ROOT\01-Jul-2016\0\\# um11/ 
 6-31+g(d,p) int=ultrafine scf=maxcyc=200 opt=(ts,calcfc,noeigen,maxcyc 
A4-38 
 
       
 =200) freq=noraman # guess=read geom=allcheck\\TS for O3--H2O H-abstra 
 ction on Cumene\\0,1\C,0.7052476686,-0.7440770082,1.5408679311\C,-0.09 
 28551307,0.5421812846,1.3800237107\H,0.9835943058,-0.8902647545,2.5967 
 15862\H,0.1440278841,-1.6262147459,1.2065954156\O,-0.15284685,0.719117 
 1597,-1.2045937486\O,-0.1005707488,2.0305127529,-1.3669550175\H,-0.339 
 8651983,0.5536067242,0.1972477517\C,0.7663204661,1.786987274,1.5653499 
 995\H,1.1135644244,1.8327294773,2.609657494\H,1.6514185313,1.735231048 
 ,0.9151449845\H,0.2314793438,2.721654518,1.3518142014\C,-1.4366561983, 
 0.5826557756,2.0491069301\C,-1.9507505572,-0.5288897485,2.7308469684\C 
 ,-2.2152098822,1.7500697163,1.993200059\C,-3.1971008568,-0.4739869809, 
 3.3503804116\H,-1.3684656741,-1.4482876816,2.7945831586\C,-3.460213866 
 6,1.8019335279,2.6090398639\H,-1.8493427658,2.6314720004,1.4621930813\ 
 C,-3.9573849917,0.6912028048,3.2910103959\H,-3.573846016,-1.3483471186 
 ,3.8831962862\H,-4.0480571928,2.7191152087,2.5524413511\H,-4.935069402 
 2,0.7342503721,3.773154672\H,1.6294282882,-0.6848617507,0.9517184361\O 
 ,-1.2430296323,2.5911475881,-1.2820365175\O,-0.9715279395,4.6560476727 
 ,0.6193049157\H,-0.9158415627,5.6157813651,0.6484454459\H,-1.082162246 
 2,4.3915769684,-0.3041506227\\Version=ES64L-G09RevE.01\State=1-A\HF=-6 
 51.7017848\S2=0.68001\S2-1=0.\S2A=0.048097\RMSD=9.503e-09\RMSF=4.226e- 
 06\Dipole=0.2457365,0.2576186,0.4125488\Quadrupole=-0.77234,6.8765127, 
 -6.1041727,-0.6992553,-1.9697546,-4.9849964\PG=C01 [X(C9H14O4)]\\@ 
 
Methyl	isobutyrate	
ester 
 1\1\GINC-R158\FOpt\RM11\6-31+G(d,p)\C5H10O2\ROOT\11-Jun-2016\0\\# m11/ 
 6-31+g(d,p) int=ultrafine scf=maxcyc=200 opt=(maxcyc=200) freq=noraman 
 \\TS for O3 ester group O-CH3 H abstraction of acrylates\\0,1\C,0.1325 
 623241,0.8629829166,1.2951717174\H,0.8581629764,1.3050202962,1.9892859 
 088\H,-0.8791264384,1.1503902146,1.6076406261\H,0.2366985834,-0.225088 
 2775,1.2622095967\O,0.3844294845,1.3238505253,-0.037968748\C,0.3094969 
 408,2.6578284591,-0.2094132324\O,0.0503714653,3.4149223364,0.700304095 
 3\C,0.5703935368,3.0572148223,-1.6501566781\H,1.5266485734,2.588543756 
 3,-1.9299874266\C,-0.532302965,2.4755244875,-2.5503477972\H,-1.5107070 
 514,2.897972582,-2.2795305014\H,-0.3324321361,2.7331158867,-3.59893577 
 08\H,-0.5851868595,1.3836737116,-2.4610090913\C,0.6675893557,4.5756736 
 461,-1.7703963691\H,1.4523641074,4.9798356065,-1.1190058309\H,0.887802 
 7887,4.8590590967,-2.8083015396\H,-0.2807646862,5.0424799137,-1.472558 
 959\\Version=ES64L-G09RevE.01\State=1-A\HF=-346.850139\RMSD=6.474e-09\ 
 RMSF=9.468e-06\Dipole=0.1094122,-0.6277959,-0.4029664\Quadrupole=0.070 
 6104,-0.6702701,0.5996597,0.8314638,0.1418983,-4.5531354\PG=C01 [X(C5H 
 10O2)]\\@ 
 
TS1b 
 1\1\GINC-R355\FTS\UM11\6-31+G(d,p)\C5H10O5\ROOT\29-Jun-2016\0\\# um11/ 
 6-31+g(d,p) int=ultrafine scf=maxcyc=200 opt=(ts,calcfc,noeigen,maxcyc 
 =200) freq=noraman # guess=read geom=allcheck\\TS for O3 H-abstraction 
  on tertC-H Ester subst.\\0,1\C,0.4564656073,-1.207398141,0.3456691569 
 \C,-0.2734120116,-1.8308263924,1.5176834308\C,1.601825239,-1.991985785 
 3,-0.2510147981\C,0.6633825587,0.2782761923,0.5059601256\H,0.420658750 
 8,-1.9411608672,2.3663429211\H,-1.1085186374,-1.1961671729,1.834964316 
 6\H,-0.6458210403,-2.829059713,1.2551788376\H,1.2988835904,-3.03175779 
 45,-0.4283205396\H,1.9410117257,-1.5454242383,-1.1929334267\H,2.453459 
 297,-1.9951702754,0.4475304476\O,1.8274981934,0.7086497336,0.008157822 
 9\O,-0.1702555088,1.0152485423,0.9911913377\C,1.9790539815,2.136083696 
 8,-0.0298020785\H,1.8925940066,2.5511083851,0.9814572736\H,2.971783103 
 7,2.3199101912,-0.4488055475\H,1.1962619408,2.5645906324,-0.6693391493 
 \H,-0.422007971,-1.172165456,-0.5612376392\O,-1.3133572091,-0.99738737 
 59,-1.4969149068\O,-1.2489725882,0.324690003,-1.7433361075\O,-0.156099 
 0285,0.6596878354,-2.2978954769\\Version=ES64L-G09RevE.01\State=1-A\HF 
 =-572.1619287\S2=0.752958\S2-1=0.\S2A=0.045415\RMSD=7.365e-09\RMSF=2.6 
 06e-06\Dipole=0.9686969,-0.502127,0.4519661\Quadrupole=-0.8830283,3.64 
 23147,-2.7592863,2.7498271,0.6621527,-2.5480736\PG=C01 [X(C5H10O5)]\\@ 
 
int-1 
 1\1\GINC-R396\FOpt\UM11\6-31+G(d,p)\C5H10O5\ROOT\28-Jun-2016\0\\# um11 
 /6-31+g(d,p) int=ultrafine scf=maxcyc=200 opt=(maxcyc=200) freq=norama 
 n # guess=read geom=allcheck\\Ester subst. + O3 complex\\0,1\C,0.69294 
 86654,-1.345788417,-0.0193528168\O,-2.3959827867,-0.5938945392,-1.3975 
 946677\O,-2.3460299058,0.6234398595,-1.0723762506\O,-1.193278631,1.117 
A4-39 
 
       
 4177793,-0.9461650777\H,0.2685620749,-1.3324050369,-1.0349243946\C,-0. 
 3720480917,-1.76371993,0.9904203084\H,0.0504900817,-1.7928981452,2.003 
 6865054\H,-1.2068687092,-1.0499431146,1.0092151403\H,-0.7643837619,-2. 
 7584687423,0.7405381376\C,1.9075246621,-2.2875678228,-0.0075293057\H,1 
 .5888440434,-3.3115606521,-0.2438044168\H,2.658081736,-1.976218024,-0. 
 7445932282\H,2.376064885,-2.2999996686,0.9870785273\C,1.1429061421,0.0 
 746933319,0.2590927708\O,0.8666870323,0.7245017682,1.2447287124\O,1.90 
 22188778,0.5657745631,-0.7376116377\C,2.3205286933,1.9254680557,-0.569 
 5644527\H,2.9114625075,2.1711488497,-1.4563017128\H,1.4408336561,2.577 
 9814111,-0.4915843975\H,2.9209928285,2.0269764744,0.3429232567\\Versio 
 n=ES64L-G09RevE.01\State=1-A\HF=-572.1890759\S2=0.392182\S2-1=0.\S2A=0 
 .003464\RMSD=9.783e-09\RMSF=4.741e-06\Dipole=0.0877551,-0.0829145,-0.6 
 551074\Quadrupole=2.0397696,1.9038385,-3.9436081,0.7149168,0.0421196,- 
 3.095547\PG=C01 [X(C5H10O5)]\\@ 
 
TS1a 
 1\1\GINC-R355\FTS\UM11\6-31+G(d,p)\C5H10O5\ROOT\29-Jun-2016\0\\# um11/ 
 6-31+g(d,p) int=ultrafine scf=maxcyc=200 opt=(ts,calcfc,noeigen,maxcyc 
 =200) freq=noraman # guess=read geom=allcheck\\TS for O3 H-abstraction 
  on tertC-H Ester subst.\\0,1\C,0.4564656073,-1.207398141,0.3456691569 
 \C,-0.2734120116,-1.8308263924,1.5176834308\C,1.601825239,-1.991985785 
 3,-0.2510147981\C,0.6633825587,0.2782761923,0.5059601256\H,0.420658750 
 8,-1.9411608672,2.3663429211\H,-1.1085186374,-1.1961671729,1.834964316 
 6\H,-0.6458210403,-2.829059713,1.2551788376\H,1.2988835904,-3.03175779 
 45,-0.4283205396\H,1.9410117257,-1.5454242383,-1.1929334267\H,2.453459 
 297,-1.9951702754,0.4475304476\O,1.8274981934,0.7086497336,0.008157822 
 9\O,-0.1702555088,1.0152485423,0.9911913377\C,1.9790539815,2.136083696 
 8,-0.0298020785\H,1.8925940066,2.5511083851,0.9814572736\H,2.971783103 
 7,2.3199101912,-0.4488055475\H,1.1962619408,2.5645906324,-0.6693391493 
 \H,-0.422007971,-1.172165456,-0.5612376392\O,-1.3133572091,-0.99738737 
 59,-1.4969149068\O,-1.2489725882,0.324690003,-1.7433361075\O,-0.156099 
 0285,0.6596878354,-2.2978954769\\Version=ES64L-G09RevE.01\State=1-A\HF 
 =-572.1619287\S2=0.752958\S2-1=0.\S2A=0.045415\RMSD=7.365e-09\RMSF=2.6 
 06e-06\Dipole=0.9686969,-0.502127,0.4519661\Quadrupole=-0.8830283,3.64 
 23147,-2.7592863,2.7498271,0.6621527,-2.5480736\PG=C01 [X(C5H10O5)]\\@ 
 
int-1w 
 1\1\GINC-R131\FOpt\UM11\6-31+G(d,p)\C5H12O6\ROOT\29-Jun-2016\0\\# um11 
 /6-31+g(d,p) int=ultrafine scf=maxcyc=200 opt=(maxcyc=200) freq=norama 
 n # guess=read geom=allcheck\\Ester subst. + H2O + O3 complex\\0,1\C,1 
 .7607243552,-0.0745886555,0.165800487\O,-1.1069554847,-0.5948852903,-0 
 .7820877774\O,-2.0060852975,-0.0647998804,-1.481696451\O,-1.6422588656 
 ,0.8811505817,-2.2235993165\H,1.4296533082,-1.0219428279,-0.2848768772 
 \C,1.0597896952,0.1564771988,1.5020976514\H,1.3771064619,1.1146533966, 
 1.9367784595\H,-0.0322578223,0.1851231304,1.391597368\H,1.3222106343,- 
 0.6460477029,2.2043311633\C,3.2917703746,-0.1146380753,0.3163577207\H, 
 3.5744016346,-0.9213206524,1.0054501438\H,3.78450217,-0.2901021844,-0. 
 6481010594\H,3.6624673554,0.8320684549,0.7351366461\H,-2.2141386896,2. 
 6851750335,0.743937547\O,-1.7270062205,1.883383251,0.5345553981\H,-0.8 
 23305114,2.1474638542,0.2893067174\C,1.3971775658,1.0117929901,-0.8252 
 754848\O,0.8578662642,2.0707882349,-0.5529572285\O,1.7782720282,0.7143 
 011271,-2.0713478616\C,1.5308303048,1.7273521645,-3.0580171011\H,1.874 
 6672807,1.3081888794,-4.0074918774\H,0.4603377979,1.9591828163,-3.0922 
 961577\H,2.0912302632,2.6362241557,-2.8056021096\\Version=ES64L-G09Rev 
 E.01\State=1-A\HF=-648.6111833\S2=0.360127\S2-1=0.\S2A=0.002783\RMSD=5 
 .308e-09\RMSF=6.587e-06\Dipole=0.5450801,0.0676248,-0.4555668\Quadrupo 
 le=-0.7224505,0.1240934,0.5983571,-1.7614983,0.3733235,-0.4835374\PG=C 
 01 [X(C5H12O6)]\\@ 
 
TS1aw 
 1\1\GINC-R157\FTS\UM11\6-31+G(d,p)\C5H12O6\ROOT\28-Jun-2016\0\\# um11/ 
 6-31+g(d,p) int=ultrafine scf=maxcyc=200 opt=(ts,calcfc,noeigen,maxcyc 
 =200) freq=noraman # guess=read geom=allcheck\\TS for O3--H2O H-abstra 
 ction on Ester subst.\\0,1\C,1.1930285079,-0.1640373153,-0.1332584817\ 
 C,0.7196872919,-0.7854983896,-1.4250879952\C,2.6279658476,0.3272126565 
 ,-0.0873711821\C,0.7383865696,-0.9122122919,1.0973341713\H,1.157255433 
 5,-1.7906423249,-1.5317037249\H,-0.3730254358,-0.9064157967,-1.4447143 
 369\H,1.0374011279,-0.1727699302,-2.2777215491\H,2.8279872143,0.990695 
 4249,-0.9379641493\H,2.8436700787,0.8560144925,0.8475510444\H,3.312025 
 5573,-0.5331125649,-0.1640765294\O,1.1493227179,-0.3359858592,2.226707 
A4-40 
 
       
 3831\O,0.0499093414,-1.9152248564,1.07860349\C,0.6263738772,-0.9107368 
 544,3.4348755133\H,0.9317563616,-1.9608521611,3.5133466427\H,1.0422612 
 995,-0.315945585,4.2519140742\H,-0.4692249904,-0.848275309,3.420575233 
 2\H,0.5173073256,0.8870228088,-0.0196532672\O,-0.3450978812,1.87192853 
 04,0.0114082883\O,-1.5315945052,1.2409742603,-0.0475271129\O,-1.811080 
 0982,0.6316453577,1.0333013488\H,-2.9156544643,-1.2989547391,-0.050838 
 5079\O,-2.335517436,-1.8630230334,-0.5731171532\H,-1.6141437408,-2.123 
 8065202,0.0194168007\\Version=ES64L-G09RevE.01\State=1-A\HF=-648.57871 
 65\S2=0.760148\S2-1=0.\S2A=0.044503\RMSD=8.074e-09\RMSF=4.935e-06\Dipo 
 le=1.4054972,0.4155646,0.8104475\Quadrupole=1.2647754,-5.7484372,4.483 
 6618,-3.3667874,-4.2746028,-3.5345441\PG=C01 [X(C5H12O6)]\\@ 
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Detailed Computational methods 
Density functional theory (DFT) calculations were carried out with Gaussian 09 1 suite of 
programs. The minimum crossing point energy (MECP) was located with a FORTRAN 
script written by Harvey et al. 2 evoking iterative calculations with Gaussian 09. Mulliken 
population analyses 3 were performed with AOMix program 4 to derive the local site 
reactivity descriptor, the Fukui condensed function 5. Electronic structural and geometry 
graphics were rendered with CYLview 6. The reduced density gradient based non-
covalent interactions were calculated with NCIplot program 7 and 3-D volumes were 
plotted with VMD 8. 
To properly describe the energy of the broken symmetry 1O2 and singlet diradical peroxo 
complexes with density functional theory, the spin-projection technique developed by 
Yamaguchi and co-workers is adapted in our computations for accuracy.9 The singlet spin-
projected energy, ESPBS is estimated from equations (1) and (2): 
 
HSBS
SP EEEBS )1(    (1)   
22
22
SS
SS
BSHS
LS
exact
HS

   (2) 
The spin-projection method is a cost effective and reliable technique that can reproduce 
energy trends that are comparable to multi-reference methods such as CASSCF and CAS-
PT2 10. A survey of DFT methods was carried out to select an appropriate functional (see 
Table S1). On this basis, we selected the Minnesota meta hybrid functional M11 (an 
improved version of the Minnesota 06 functional series) 11 with Pople’s basis set 6-
31+G(d,p) 12. This level of theory produced a value for the energy gap between the desired 
triplet ground state (3Σg-) and lowest excited singlet oxygen (1Δg) of 21.7 kcal mol–1, 
which is close to the experimental value of 22.5 kcal mol-1 13. This chosen level of theory 
is thus used for all the geometry optimizations, frequency calculations and electronic 
energies reported in this study. 
 
Solvation Gibbs free energies were calculated on optimized geometries with Cramer and 
Truhlar’s SMD polarizable continuum solvation model 14 at the M11/6-31+G(d,p) level 
of theory. The calculations were performed in water, to mimic the conditions of the 
uncatalyzed reaction. The Gibbs free energy of solvation ΔGsolv was combined with the 
gas phase free energy so as to obtain free energy of solution Gsol as follows: Gsol = Ggas + 
ΔGsolv + ΔnRT ln(RT/P°). The term ΔnRT ln(RT/P°) is the correction term that accounts 
for passage of molecules from 1 atm to 1 mol/L in solution. The gas-phase Gibbs free 
energies at 298 K were calculated using the M11 geometries and frequencies in 
conjunction with the harmonic oscillator approximation. The enthalpy in the solution 
phase was obtained from the temperature dependence of Gsol. The single imaginary 
frequency of transition states were visually inspected to ensure they were first order 
saddle-point structures and had the features required for bond breaking or forming. 
Intrinsic reaction coordinate (IRC) calculations were also performed at this level to 
confirm the connectivity of the transition state structures with their intermediates. 
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Table S1. Summary of DFT methods and the spin-projected energiesa 
 
Functional/ 
6-31+G(d,p) 
EBS EHS ESPBS HS<S2>  BS<S2> ΔES-T 
B3LYP -150.3110038 -150.327576 -150.294430 2.0000 1.0000 20.8 
M06-2X -150.2639480 -150.279856 -150.219285 1.9969 0.9969 28.0 
M11 -150.2495452 -150.266872 -150.232213 2.0000 1.0000 21.7 
M11-L -150.2238629 -150.244360 -150.203372 1.9997 0.9997 25.7 
a EBS and EHS both corresponds to electronic energies of the broken symmetry and high spin 
states respectively. ESPBS is the spin-projected approximate energy derived by using equations 
(1) and (2). HS<S2> is the spin squared expectant value for the high spin state and BS<S2> for the 
broken symmetry singlet diradical. ΔES-T is the singlet-triplet energy gap between ESPBS and ET. 
Table S2. Summary of Global Nucleophilicity Indices 
 
 
Entry Molecule HOMO (eV) N° a 
1 chol -0.33264 0.102 
2 styrene -0.32453 0.110 
3 isoprene -0.33083 0.104 
4 acrylate -0.39804 0.037 
5 butenone -0.37131 0.063 
6 vinyl methyl ether -0.33695 0.098 
Cyclohexene & derivatives 
7 R1= H, R2= H, R3= H (ch1) -0.3396 0.095 
8 R1= CH3, R2= H, R3= H (ch2) -0.32817 0.107 
9 R1= H, R2= CH3, R3= H (ch3) -0.34078 0.094 
10 R1= H, R2= H, R3= CH3 (ch4) -0.34029 0.094 
11 R1=CH3, R2= CH3, R3= H (ch5) -0.32882 0.106 
12 R1=CH3, R2= H, R3= CH3 (ch6) -0.32794 0.107 
a The N° index 15 is derived simply by subtracting the EHOMO of the alkene nucleophile by EHOMO 
of electrophile which is 3O2 in our context. N° = EHOMO[alkene]  ‐ EHOMO[3O2];  EHOMO[3O2] = -
0.43475 eV 
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Table S3. Summary of energies and correctionsa  
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a All values are in Hatrees. b See table S4 for nomenclature. 
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A5-8 
 
S8 
Cartesian coordinates 
Chol 
C  0.794531  2.87425  ‐0.21765
C  1.566382  2.48047  ‐1.47409
C  1.02805  2.513012  ‐2.69872
C  ‐0.36393  3.002824  ‐3.01119
H  ‐1.01286  2.140885  ‐3.24455
H  ‐0.33825  3.618846  ‐3.92272
C  ‐0.94754  3.794728  ‐1.83932
H  ‐0.46608  4.784024  ‐1.7916
H  ‐2.0222  3.970506  ‐1.98966
C  ‐0.70476  3.031284  ‐0.53663
H  ‐1.15308  2.027475  ‐0.63269
H  ‐1.20274  3.524404  0.313631
C  2.994057  2.029479  ‐1.25156
H  3.610646  2.865291  ‐0.87927
H  3.434951  1.701446  ‐2.20624
C  1.34769  4.197971  0.34792
H  2.42424  4.143297  0.556544
H  0.835024  4.446785  1.289772
H  1.192149  5.024256  ‐0.35923
C  0.959333  1.748877  0.832003
H  0.408499  0.862517  0.473399
H  0.474955  2.064654  1.770228
C  2.414596  1.349323  1.089301
H  2.99605  2.186046  1.507833
H  2.469256  0.528555  1.818239
C  3.078047  0.909873  ‐0.20801
H  1.639675  2.178052  ‐3.54345
H  2.548432  0.017494  ‐0.59463
O  4.43018  0.578225  0.094742
H  4.879931  0.288715  ‐0.70701
 
Me2S 
S  0.528311  0.367504  ‐0.58746
C  0.085508  1.713187  ‐1.72178
H  0.976174  2.275547  ‐2.03031
H  ‐0.63907  2.394392  ‐1.25728
H  ‐0.373  1.263176  ‐2.60945
C  1.22525  1.378673  0.749003
H  1.559785  0.699466  1.541058
H  0.468303  2.057779  1.161914
H  2.086946  1.957873  0.39299
 
DMSO 
S  0.000046 0.229779  ‐0.45164
C  ‐1.35292 ‐0.80404  0.186931
H  ‐2.29117 ‐0.29351  ‐0.05457
H  ‐1.24571 ‐0.88366  1.275733
H  ‐1.32824 ‐1.79178  ‐0.28995
C  1.352432 ‐0.80481  0.1869
H  2.290978 ‐0.295  ‐0.05499
H  1.326965 ‐1.79275  ‐0.2895
H  1.245334 ‐0.8838  1.275758
O  0.0005 1.489641  0.390095
 
TS1a‐S 
Imaginary frequency = 549.6196i cm‐1 
C  ‐1.55337 ‐0.49221  ‐1.45039
C  ‐2.68857 ‐0.31576  ‐0.44435
O  ‐1.92248 ‐1.26139  1.062079
O  ‐2.79318 ‐1.67108  1.869524
C  ‐2.80873 0.915906  0.217204
H  ‐3.7259 1.10285  0.782202
C  ‐1.64293 1.824671  0.454474
H  ‐1.98267 2.869419  0.512842
H  ‐1.25504 1.581655  1.463004
C  ‐3.91988 ‐1.15755  ‐0.6726
H  ‐4.46761 ‐0.76125  ‐1.54375
C  ‐1.28493 ‐1.98952  ‐1.70584
H  ‐0.55266 ‐2.07491  ‐2.5245
H  ‐0.81455 ‐2.42478  ‐0.81047
C  ‐2.55269 ‐2.77902  ‐2.0494
H  ‐2.32001 ‐3.84527  ‐2.17588
C  ‐1.98967 0.181834  ‐2.77116
H  ‐1.15078 0.168465  ‐3.48371
H  ‐2.29453 1.225022  ‐2.61385
H  ‐2.83609 ‐0.33752  ‐3.23781
C  ‐0.281 0.190982  ‐0.91467
H  0.513623 0.094297  ‐1.67177
H  0.060458 ‐0.34854  ‐0.01704
C  ‐0.5112 1.665934  ‐0.57115
H  ‐0.75249 2.230703  ‐1.48337
H  0.411313 2.108075  ‐0.17008
H  ‐4.58322 ‐1.07016  0.201854
H  ‐2.99595 ‐2.44029  ‐2.99853
C  ‐3.60125 ‐2.63432  ‐0.95459
H  ‐3.22347 ‐3.10589  ‐0.03281
A5-9 
 
S9 
O  ‐4.77305  ‐3.31598 ‐1.39792
H  ‐5.39542  ‐3.39525 ‐0.66633
 
TS1b‐S 
597.4269i cm‐1 
C  0.694728  0.144507 ‐1.03768
C  ‐0.49805  0.469899 ‐0.16207
O  0.18177  0.524248 2.269417
O  ‐0.75043  ‐0.0905 2.849873
C  ‐0.46475  1.501842 0.784793
H  ‐1.4075  1.720841 1.295768
C  0.541179  2.628771 0.710298
H  0.004068  3.587822 0.722755
H  1.148949  2.60024 1.629535
C  ‐1.63722  ‐0.50727 ‐0.16204
H  ‐2.1378  ‐0.52797 ‐1.14618
C  1.110238  ‐1.32473 ‐0.76887
H  1.919879  ‐1.59217 ‐1.46666
H  1.530907  ‐1.37823 0.249696
C  ‐0.04763  ‐2.31899 ‐0.87416
H  0.296808  ‐3.33868 ‐0.65329
C  0.312001  0.311627 ‐2.52469
H  1.154847  0.001303 ‐3.16033
H  0.070276  1.357179 ‐2.75941
H  ‐0.55884  ‐0.29833 ‐2.79748
C  1.883099  1.06513 ‐0.69694
H  2.646157  0.968084 ‐1.48494
H  2.343565  0.71875 0.244486
C  1.447714  2.519098 ‐0.51894
H  0.910791  2.866744 ‐1.41507
H  2.320961  3.175104 ‐0.40003
H  ‐2.38776  ‐0.21445 0.587207
H  ‐0.47708  ‐2.33902 ‐1.88841
C  ‐1.14332  ‐1.94256 0.112359
H  ‐0.73325  ‐1.98946 1.137149
O  ‐2.20544  ‐2.87757 ‐0.03465
H  ‐2.83  ‐2.77604 0.692296
 
TS1c‐S 
538.7912i cm‐1 
C  ‐1.55976  ‐0.5412 ‐1.53158
C  ‐2.90797  ‐0.015 ‐1.00155
O  ‐3.52386  1.058376 ‐2.43283
O  ‐4.50917  0.580307 ‐3.05143
C  ‐2.89802  1.044587 ‐0.06395
H  ‐3.77544  1.181899 0.572409
C  ‐1.85375  2.115898 ‐0.09508
H  ‐2.35118  3.097777 ‐0.15033
H  ‐1.29496  2.116031 0.859036
C  ‐4.01966  ‐1.03149 ‐0.90919
H  ‐4.32106  ‐1.30955 ‐1.93374
C  ‐1.2372  ‐1.83899 ‐0.74644
H  ‐0.29023  ‐2.24486 ‐1.13559
H  ‐1.05541  ‐1.57041 0.308811
C  ‐2.34569  ‐2.88893 ‐0.79193
H  ‐2.05052  ‐3.79561 ‐0.24581
C  ‐1.63378  ‐0.8466 ‐3.03967
H  ‐0.78319  ‐1.48308 ‐3.32571
H  ‐1.58639  0.079956 ‐3.62671
H  ‐2.56275  ‐1.36144 ‐3.32096
C  ‐0.41127  0.462323 ‐1.26305
H  0.379923  0.298036 ‐2.01033
H  0.036973  0.249831 ‐0.2775
C  ‐0.88487  1.914538 ‐1.26534
H  ‐1.38969  2.150124 ‐2.21374
H  ‐0.03092  2.599224 ‐1.17066
H  ‐4.90319  ‐0.58412 ‐0.43296
H  ‐2.56005  ‐3.18916 ‐1.83239
C  ‐3.60799  ‐2.30743 ‐0.16351
H  ‐3.40427  ‐2.06828 0.892329
O  ‐4.68022  ‐3.23872 ‐0.12746
H  ‐4.95437  ‐3.44062 ‐1.03071
 
TS1d‐S 
640.3961i cm‐1 
C  0.665873  0.106078 ‐0.95398
C  ‐0.52615  0.386488 ‐0.06261
O  ‐1.62144  2.630596 ‐0.7588
O  ‐2.67064  2.073746 ‐1.16529
C  ‐0.70472  1.628278 0.558893
C  0.439484  2.592068 0.75073
H  0.035009  3.612129 0.821404
H  0.923643  2.370433 1.716206
C  ‐1.65174  ‐0.60348 ‐0.0902
H  ‐2.17366  ‐0.53364 ‐1.06436
C  1.08801  ‐1.37275 ‐0.79537
H  1.879158  ‐1.59399 ‐1.52928
H  1.538613  ‐1.49955 0.203907
A5-10 
 
S10 
C  ‐0.0721  ‐2.35962  ‐0.94376
H  0.273394  ‐3.39219  ‐0.79574
C  0.252062  0.377245  ‐2.4214
H  1.096089  0.148951  ‐3.09009
H  ‐0.03766  1.426283  ‐2.56586
H  ‐0.60221  ‐0.24054  ‐2.72768
C  1.856074  1.010672  ‐0.57683
H  2.632701  0.91312  ‐1.35189
H  2.296802  0.640113  0.364859
C  1.454239  2.474505  ‐0.38782
H  1.010259  2.875352  ‐1.31144
H  2.339358  3.087762  ‐0.16843
H  ‐2.39993  ‐0.35035  0.677049
H  ‐0.51554  ‐2.31229  ‐1.95038
C  ‐1.16229  ‐2.0503  0.072302
H  ‐0.74632  ‐2.17737  1.090453
O  ‐2.2189  ‐2.97906  ‐0.13729
H  ‐2.94112  ‐2.79696  0.474675
H  ‐1.52235  1.691758  1.284622
 
TS1e‐S 
253.1646i cm‐1 
C  1.007001  0.125523  ‐0.53288
C  1.743544  0.867156  ‐1.44676
O  2.279393  1.623237  0.288742
O  1.506536  2.449356  0.856363
C  ‐0.29984  0.591434  ‐0.05425
H  ‐0.01394  1.317633  0.767458
H  ‐0.88234  ‐0.21322  0.41096
H  1.465316  ‐0.76121  ‐0.08953
C  1.116133  1.977107  ‐2.27753
C  ‐0.19349  2.506391  ‐1.65234
H  ‐0.72741  3.085856  ‐2.42228
H  0.053302  3.197501  ‐0.83492
C  ‐1.08426  1.390972  ‐1.10005
H  ‐1.98273  1.825059  ‐0.64023
H  ‐1.42914  0.723773  ‐1.90507
C  3.117833  0.407041  ‐1.86145
H  3.520988  ‐0.29062  ‐1.11415
H  3.061793  ‐0.13734  ‐2.81804
C  4.090083  1.576406  ‐2.04487
H  4.314776  2.002945  ‐1.05301
C  2.133803  3.129747  ‐2.40293
H  2.258152  3.579165  ‐1.40442
H  1.706995  3.903736  ‐3.06055
C  0.793063 1.386671  ‐3.67004
H  1.673576 0.969987  ‐4.17403
H  0.38342 2.182313  ‐4.31014
H  0.042787 0.587066  ‐3.59402
O  5.270913 1.014418  ‐2.61463
H  5.966791 1.68052  ‐2.63526
C  3.492899 2.665654  ‐2.93672
H  4.187061 3.519254  ‐2.98637
H  3.40802 2.267339  ‐3.95989
 
TS1f‐S 
334.4990i cm‐1 
C  1.054675 0.029074  ‐0.56345
C  1.751175 0.671931  ‐1.57843
O  2.404925 1.119135  0.310723
O  3.442274 0.450731  0.60819
C  ‐0.26387 0.486975  ‐0.01143
H  ‐0.07413 0.810309  1.026111
H  ‐0.94303 ‐0.37571  0.055367
H  1.438999 ‐0.93122  ‐0.20917
C  1.2329 1.958142  ‐2.19378
C  0.192636 2.611361  ‐1.26419
H  ‐0.24855 3.475801  ‐1.78477
H  0.716125 2.999365  ‐0.37469
C  ‐0.89209 1.630024  ‐0.81659
H  ‐1.6452 2.145095  ‐0.2049
H  ‐1.42374 1.227683  ‐1.69156
C  3.003718 0.073432  ‐2.13589
H  3.35201 ‐0.72333  ‐1.45939
H  2.80198 ‐0.38936  ‐3.11672
C  4.109486 1.128559  ‐2.31651
C  2.402539 2.94277  ‐2.41184
H  2.024452 3.810775  ‐2.97494
C  0.589378 1.604427  ‐3.55378
H  1.320726 1.17413  ‐4.25
H  0.178401 2.51611  ‐4.01294
H  ‐0.22579 0.876863  ‐3.4422
H  4.413435 1.473595  ‐1.31437
H  2.726573 3.310075  ‐1.42454
C  3.603757 2.316168  ‐3.1213
H  4.417197 3.047891  ‐3.22024
H  3.352498 1.980615  ‐4.14002
O  5.220663 0.566373  ‐3.00649
H  5.701866 ‐0.01969  ‐2.41162
 
A5-11 
 
S11 
TS1g‐S 
384.8150i cm‐1 
C  1.079457  0.047173 ‐0.8956
C  1.931255  0.852719 ‐1.63012
O  0.575764  ‐0.78764 ‐2.56804
O  1.486398  ‐1.36931 ‐3.23813
C  ‐0.25976  0.50478 ‐0.39559
H  ‐0.15199  0.725812 0.679497
H  ‐0.96493  ‐0.33606 ‐0.47224
H  1.506697  ‐0.839 ‐0.41782
C  1.467335  2.155187 ‐2.25303
C  0.329798  2.752346 ‐1.40571
H  ‐0.0711  3.639353 ‐1.92151
H  0.745951  3.099417 ‐0.44402
C  ‐0.78779  1.736903 ‐1.14139
H  ‐1.59293  2.204094 ‐0.55758
H  ‐1.23771  1.417603 ‐2.09177
C  3.196327  0.270317 ‐2.04935
H  3.557081  ‐0.49608 ‐1.35094
H  2.824517  ‐0.36978 ‐2.94798
C  4.333772  1.224005 ‐2.44001
C  2.676994  3.112365 ‐2.30212
H  2.355859  4.068797 ‐2.74339
C  0.97535  1.89863 ‐3.70107
H  1.613054  1.181102 ‐4.234
H  0.970055  2.849166 ‐4.25666
H  ‐0.0328  1.473072 ‐3.71288
H  4.856087  1.50112 ‐1.51111
H  3.010824  3.33073 ‐1.2726
C  3.836732  2.510716 ‐3.10096
H  4.678639  3.213455 ‐3.16813
H  3.520035  2.297855 ‐4.13423
O  5.321539  0.563156 ‐3.21685
H  4.911661  0.206909 ‐4.01489
 
TS1h‐S 
420.3388i cm‐1 
C  0.947274  0.058332 ‐0.98401
C  1.68607  0.725594 ‐1.97274
O  0.137237  ‐0.33828 ‐2.59387
O  ‐1.05875  0.126752 ‐2.63533
C  ‐0.1138  0.72224 ‐0.16861
H  0.189147  0.678139 0.889437
H  ‐1.01973  0.10228 ‐0.27969
H  1.277803  ‐0.93381 ‐0.66746
C  1.574801  2.219592 ‐2.20428
C  0.85814  2.892666 ‐1.01603
H  0.641493  3.938029 ‐1.28606
H  1.552021  2.922234 ‐0.1586
C  ‐0.4179  2.163624 ‐0.60716
H  ‐0.91477  2.698381 0.214067
H  ‐1.12015  2.138387 ‐1.44957
C  2.718227  ‐0.03995 ‐2.75766
H  2.795335  ‐1.07329 ‐2.39366
H  2.360359  ‐0.09289 ‐3.8024
C  4.098729  0.630635 ‐2.76388
C  3.00441  2.818828 ‐2.28743
H  2.905379  3.874666 ‐2.58392
C  0.818849  2.47504 ‐3.52624
H  1.349921  2.02893 ‐4.37881
H  0.745862  3.559504 ‐3.69672
H  ‐0.18733  2.037809 ‐3.50196
H  4.521654  0.617009 ‐1.74709
H  3.44572  2.817326 ‐1.27609
C  3.957188  2.07771 ‐3.22504
H  4.94548  2.558052 ‐3.23137
H  3.580467  2.093132 ‐4.26231
O  5.016728  ‐0.11133 ‐3.5516
H  4.716967  ‐0.11903 ‐4.46919
 
TS1i‐S 
263.8109i cm‐1 
C  0.055819  ‐0.19344 0.990349
C  ‐0.38651  ‐0.11894 ‐0.48686
H  ‐0.20714  ‐1.07175 ‐1.00211
H  0.15574  0.659615 ‐1.03588
H  ‐1.46611  0.095743 ‐0.53109
C  1.566917  ‐0.28253 1.078435
C  2.351662  0.954018 1.093787
H  2.54506  1.075103 2.224504
H  3.352538  0.836609 0.659278
C  1.690269  2.234521 0.600494
H  2.274888  3.08222 0.993197
C  0.215025  2.363678 1.061943
H  0.113264  3.211696 1.753532
H  ‐0.38892  2.605382 0.1742
C  ‐0.33751  1.098169 1.734953
H  0.044649  1.021906 2.766742
H  ‐1.43582  1.158811 1.797345
A5-12 
 
S12 
C  2.207966  ‐1.44665  1.444186
H  3.301613  ‐1.43958  1.479115
C  ‐0.59258  ‐1.41088  1.675321
H  ‐1.67231  ‐1.40165  1.45709
H  ‐0.47272  ‐1.30943  2.765664
C  0.038301  ‐2.72933  1.220351
H  ‐0.0712  ‐2.84207  0.131496
H  ‐0.48598  ‐3.58123  1.674727
C  1.523703  ‐2.77419  1.59962
H  2.060258  ‐3.53271  1.01087
H  1.640123  ‐3.0641  2.657888
O  1.812458  2.234714  ‐0.82914
H  1.579477  3.105594  ‐1.16996
O  1.957506  ‐0.78503  3.35286
O  2.570984  0.26881  3.674902
 
2‐S 
C  0.838075  2.491906  ‐0.5074
C  1.620079  1.983729  ‐1.74604
C  1.334459  2.830016  ‐2.96773
C  0.188068  3.498952  ‐3.1081
H  0.020577  4.0865  ‐4.0159
C  ‐0.88895  3.550068  ‐2.05285
H  ‐0.93856  4.586736  ‐1.67633
H  ‐1.86769  3.360308  ‐2.51846
C  ‐0.64994  2.570879  ‐0.89405
H  ‐0.99618  1.566315  ‐1.17533
H  ‐1.2334  2.882725  ‐0.01334
C  3.11068  1.82991  ‐1.44284
H  3.542245  2.804614  ‐1.17012
H  3.6277  1.479772  ‐2.34944
C  1.32388  3.891941  ‐0.08843
H  2.333456  3.875475  0.338798
H  0.645459  4.287491  0.682729
H  1.332052  4.595643  ‐0.93137
C  1.054983  1.498833  0.652647
H  0.561922  0.546984  0.404468
H  0.557123  1.895338  1.552225
C  2.541168  1.247996  0.950524
H  3.021552  2.149726  1.361187
H  2.651711  0.464261  1.71271
C  3.322733  0.836674  ‐0.29436
H  2.095642  2.85626  ‐3.75276
H  2.982373  ‐0.1596  ‐0.62469
O  4.698608  0.778043  0.083442
H  5.213739  0.407725  ‐0.64184
O  1.065747 0.650951  ‐1.97179
O  1.718938 0.073955  ‐3.091
H  1.082317 0.240886  ‐3.80336
 
2a‐S 
C  ‐0.95094 ‐1.16357  1.167531
C  ‐0.18682 ‐0.49098  0.099904
O  0.091471 ‐0.18756  1.558106
O  1.253157 ‐0.80106  2.115771
C  ‐2.33965 ‐0.74798  1.591153
H  ‐2.26415 ‐0.45393  2.649024
H  ‐2.99002 ‐1.63285  1.557716
H  ‐0.59421 ‐2.15263  1.464018
C  ‐0.77649 0.733  ‐0.58996
C  ‐1.84572 1.387954  0.308081
H  ‐2.29786 2.22123  ‐0.2514
H  ‐1.35501 1.821979  1.193034
C  ‐2.92756 0.396415  0.748921
H  ‐3.70069 0.915647  1.330879
H  ‐3.43297 ‐0.01403  ‐0.13745
C  0.979648 ‐1.15066  ‐0.58306
H  1.344841 ‐1.98113  0.032076
H  0.653388 ‐1.53793  ‐1.56012
C  2.094361 ‐0.11207  ‐0.7869
C  0.375643 1.72824  ‐0.84198
H  ‐0.014 2.582308  ‐1.41819
C  ‐1.4123 0.275176  ‐1.91731
H  ‐0.6573 ‐0.02573  ‐2.65356
H  ‐1.9939 1.102396  ‐2.34966
H  ‐2.08965 ‐0.57904  ‐1.77407
H  2.436432 0.196283  0.215763
H  0.700864 2.120636  0.136225
C  1.580547 1.102294  ‐1.55306
H  2.394315 1.835141  ‐1.63849
H  1.331077 0.789558  ‐2.5794
O  3.168078 ‐0.67122  ‐1.53548
H  3.668893 ‐1.27216  ‐0.97246
 
2b‐S 
C  0.007388 ‐0.1441  0.995309
C  ‐0.39513 ‐0.56293  ‐0.43589
H  ‐0.07018 ‐1.58224  ‐0.67688
H  0.044012 0.10318  ‐1.18903
H  ‐1.49175 ‐0.53173  ‐0.53474
A5-13 
 
S13 
C  1.524143  ‐0.07573 1.146233
C  2.216047  1.055708 0.997042
H  3.302366  1.049632 1.124913
C  1.598403  2.411982 0.790071
H  1.731995  2.961652 1.742998
C  0.10584  2.335645 0.463745
H  ‐0.36685  3.314142 0.641819
H  0.004301  2.121745 ‐0.60978
C  ‐0.57522  1.247938 1.299921
H  ‐0.42959  1.462239 2.372368
H  ‐1.6614  1.241668 1.114614
C  2.234633  ‐1.33472 1.606202
C  ‐0.52319  ‐1.17786 2.004316
H  ‐1.62467  ‐1.19026 1.966626
H  ‐0.23395  ‐0.84913 3.013867
C  0.02668  ‐2.59683 1.753265
H  ‐0.61302  ‐3.12908 1.034116
H  ‐0.02633  ‐3.16261 2.692929
C  1.484011  ‐2.60609 1.230318
H  1.512641  ‐2.6865 0.134655
H  2.030913  ‐3.47284 1.625602
O  2.340812  3.079039 ‐0.23313
H  2.047136  3.995163 ‐0.29165
O  2.28508  ‐1.39039 3.050291
H  3.272309  ‐1.3472 1.234609
O  3.115707  ‐0.33089 3.510211
H  3.826104  ‐0.82631 3.94391
 
TS1a‐T  
580.3767i cm‐1 
C  ‐1.54995  ‐0.49979 ‐1.44503
C  ‐2.67512  ‐0.33815 ‐0.41985
O  ‐1.92944  ‐1.27184 1.000365
O  ‐2.78163  ‐1.50527 1.898018
C  ‐2.82427  0.929569 0.19328
H  ‐3.75935  1.138458 0.718299
C  ‐1.64567  1.811299 0.462219
H  ‐1.96352  2.860298 0.550435
H  ‐1.26388  1.52885 1.463893
C  ‐3.91385  ‐1.16956 ‐0.66677
H  ‐4.45266  ‐0.7624 ‐1.53782
C  ‐1.27961  ‐1.99492 ‐1.71364
H  ‐0.55723  ‐2.0725 ‐2.54181
H  ‐0.7967  ‐2.43613 ‐0.82812
C  ‐2.54901  ‐2.7861 ‐2.05012
H  ‐2.31512  ‐3.85166 ‐2.18005
C  ‐2.00085  0.182851 ‐2.75531
H  ‐1.16598  0.185952 ‐3.47263
H  ‐2.31566  1.221113 ‐2.58529
H  ‐2.84403  ‐0.3403 ‐3.22354
C  ‐0.27656  0.186774 ‐0.91563
H  0.512424  0.098481 ‐1.67968
H  0.076124  ‐0.35593 ‐0.02422
C  ‐0.51068  1.659304 ‐0.56209
H  ‐0.75118  2.230348 ‐1.47071
H  0.410501  2.099472 ‐0.15563
H  ‐4.58036  ‐1.08242 0.205648
H  ‐2.99729  ‐2.44639 ‐2.99653
C  ‐3.59752  ‐2.64533 ‐0.95369
H  ‐3.21978  ‐3.12173 ‐0.0332
O  ‐4.76782  ‐3.32619 ‐1.4013
H  ‐5.40226  ‐3.38703 ‐0.6783
 
TS1b‐T 
603.0607i cm‐1 
C  0.69101  0.139439 ‐1.01086
C  ‐0.4981  0.463124 ‐0.13142
O  0.303845  0.670046 2.282384
O  ‐0.45756  ‐0.21978 2.753921
C  ‐0.43018  1.482882 0.84953
H  ‐1.37751  1.705324 1.351774
C  0.516069  2.658779 0.692849
H  ‐0.07467  3.58393 0.637018
H  1.119361  2.729207 1.612094
C  ‐1.64676  ‐0.50156 ‐0.1544
H  ‐2.14399  ‐0.49174 ‐1.1409
C  1.10106  ‐1.3298 ‐0.73068
H  1.930168  ‐1.59726 ‐1.40537
H  1.492505  ‐1.38563 0.299957
C  ‐0.0566  ‐2.31957 ‐0.87598
H  0.27853  ‐3.3429 ‐0.65739
C  0.315098  0.295571 ‐2.50067
H  1.154136  ‐0.03646 ‐3.13059
H  0.091972  1.341984 ‐2.74862
H  ‐0.56542  ‐0.30136 ‐2.77001
C  1.876568  1.064467 ‐0.67314
H  2.646743  0.957007 ‐1.45278
H  2.329126  0.734959 0.277966
C  1.432527  2.519956 ‐0.52769
H  0.901161  2.843002 ‐1.43593
A5-14 
 
S14 
H  2.300887  3.184074  ‐0.41946
H  ‐2.3976  ‐0.22  0.598882
H  ‐0.45619  ‐2.32753  ‐1.90232
C  ‐1.18091  ‐1.95445  0.082868
H  ‐0.81106  ‐2.04162  1.118891
O  ‐2.252  ‐2.86672  ‐0.13575
H  ‐2.89334  ‐2.79215  0.579628
 
TS1c‐T 
542.0487i cm‐1 
C  ‐1.57952  ‐0.52827  ‐1.56496
C  ‐2.93554  0.008409  ‐1.04199
O  ‐3.52125  1.058977  ‐2.39679
O  ‐4.28845  0.481199  ‐3.21663
C  ‐2.87201  0.998896  ‐0.01437
H  ‐3.71358  1.086331  0.676661
C  ‐1.83915  2.080745  ‐0.04022
H  ‐2.34592  3.06039  ‐0.04686
H  ‐1.25185  2.056397  0.896343
C  ‐4.0418  ‐1.01881  ‐0.94055
H  ‐4.32703  ‐1.32554  ‐1.96055
C  ‐1.25736  ‐1.80658  ‐0.74753
H  ‐0.30818  ‐2.2186  ‐1.12476
H  ‐1.07823  ‐1.51032  0.300755
C  ‐2.36047  ‐2.86288  ‐0.76614
H  ‐2.06074  ‐3.75218  ‐0.19446
C  ‐1.6416  ‐0.87033  ‐3.06456
H  ‐0.76486  ‐1.47864  ‐3.33161
H  ‐1.62765  0.042747  ‐3.67452
H  ‐2.54708  ‐1.42891  ‐3.33699
C  ‐0.42761  0.480625  ‐1.31407
H  0.331663  0.349148  ‐2.0996
H  0.065877  0.239762  ‐0.35728
C  ‐0.90342  1.930432  ‐1.2445
H  ‐1.43181  2.203965  ‐2.16914
H  ‐0.04647  2.610626  ‐1.14387
H  ‐4.93216  ‐0.5663  ‐0.48172
H  ‐2.57081  ‐3.19293  ‐1.79838
C  ‐3.62701  ‐2.27019  ‐0.15749
H  ‐3.42751  ‐2.00029  0.891944
O  ‐4.695  ‐3.20564  ‐0.09798
H  ‐4.94341  ‐3.45883  ‐0.99577
 
TS1d‐T 
641.7359i cm‐1 
C  0.654783 0.109954  ‐0.95598
C  ‐0.5381 0.386337  ‐0.06527
O  ‐1.59352 2.647918  ‐0.72127
O  ‐2.52778 2.040951  ‐1.3082
C  ‐0.73656 1.654916  0.526244
C  0.428368 2.589509  0.755945
H  0.045636 3.616201  0.848916
H  0.898332 2.330994  1.718733
C  ‐1.65532 ‐0.61323  ‐0.07439
H  ‐2.19317 ‐0.54816  ‐1.03999
C  1.081358 ‐1.36826  ‐0.80515
H  1.868055 ‐1.58512  ‐1.54508
H  1.539005 ‐1.49752  0.190612
C  ‐0.07721 ‐2.35743  ‐0.94796
H  0.272449 ‐3.39011  ‐0.81099
C  0.241386 0.385935  ‐2.42334
H  1.07562 0.130948  ‐3.09471
H  ‐0.01875 1.441875  ‐2.57269
H  ‐0.63326 ‐0.20728  ‐2.72097
C  1.846207 1.013597  ‐0.5774
H  2.619906 0.91991  ‐1.35596
H  2.290267 0.637008  0.360235
C  1.448962 2.477265  ‐0.37759
H  1.012083 2.889599  ‐1.29971
H  2.335798 3.084174  ‐0.14769
H  ‐2.39332 ‐0.36478  0.704836
H  ‐0.53259 ‐2.30326  ‐1.94901
C  ‐1.15445 ‐2.05609  0.083823
H  ‐0.7221 ‐2.17979  1.095537
O  ‐2.20775 ‐2.99241  ‐0.10913
H  ‐2.92375 ‐2.81171  0.510495
H  ‐1.53661 1.701541  1.273703
 
2‐T 
C  ‐0.27284 ‐0.5559  ‐1.17962
C  ‐0.12979 ‐0.09811  0.255135
C  ‐1.34729 0.283619  1.022499
C  ‐2.38294 1.069878  0.229338
H  ‐1.98779 2.084153  0.064989
H  ‐3.29748 1.16336  0.83201
C  1.119245 ‐0.45692  1.002958
H  1.10143 ‐1.53291  1.266995
H  1.156023 0.088428  1.960643
H  ‐1.07847 0.777353  1.968279
A5-15 
 
S15 
O  ‐2.098  ‐0.94549 1.454147
O  ‐1.36268  ‐1.73425 2.174511
C  ‐0.65609  ‐2.0591 ‐1.18676
H  ‐1.63775  ‐2.22856 ‐0.72546
H  0.073622  ‐2.66317 ‐0.63033
H  ‐0.6884  ‐2.42658 ‐2.22398
C  1.064564  ‐0.36276 ‐1.93032
H  0.985822  ‐0.83989 ‐2.92008
H  1.209334  0.716355 ‐2.10982
C  2.389886  ‐0.20954 0.180933
H  2.51073  0.878672 0.015963
C  2.278584  ‐0.89879 ‐1.17052
H  2.204189  ‐1.9846 ‐1.00078
H  3.202523  ‐0.72614 ‐1.73989
C  ‐1.36344  0.257269 ‐1.91111
H  ‐1.55253  ‐0.21136 ‐2.89023
H  ‐0.96924  1.268284 ‐2.112
C  ‐2.66218  0.392517 ‐1.11469
H  ‐3.39395  0.98167 ‐1.68509
H  ‐3.11815  ‐0.59388 ‐0.94002
O  3.540309  ‐0.72948 0.837877
H  3.60469  ‐0.35696 1.724668
 
2‐Q 
C  ‐0.27443  ‐0.56327 ‐1.18148
C  ‐0.13471  ‐0.11724 0.256165
C  ‐1.34706  0.27645 1.02387
C  ‐2.38253  1.064494 0.231931
H  ‐1.99018  2.080771 0.071339
H  ‐3.29713  1.155512 0.834875
C  1.121032  ‐0.44899 1.004867
H  1.115114  ‐1.51926 1.292253
H  1.153306  0.118854 1.950605
H  ‐1.06985  0.777062 1.964562
O  ‐2.10386  ‐0.9445 1.468895
O  ‐1.36421  ‐1.7417 2.175419
O  0.65579  2.887065 ‐0.40693
O  0.67572  2.858595 0.789442
C  ‐0.66298  ‐2.06474 ‐1.19935
H  ‐1.64389  ‐2.23356 ‐0.73605
H  0.066141  ‐2.67365 ‐0.64714
H  ‐0.69913  ‐2.42643 ‐2.23852
C  1.064649  ‐0.36838 ‐1.92886
H  0.987489  ‐0.84258 ‐2.92012
H  1.210189  0.711552 ‐2.10504
C  2.389824  ‐0.20675 0.178261
H  2.512017  0.88016 0.003155
C  2.277164  ‐0.90553 ‐1.16783
H  2.199299  ‐1.9901 ‐0.99164
H  3.20143  ‐0.73875 ‐1.73839
C  ‐1.35897  0.262309 ‐1.90845
H  ‐1.54536  ‐0.19382 ‐2.89398
H  ‐0.95906  1.274505 ‐2.09509
C  ‐2.66003  0.393715 ‐1.11545
H  ‐3.39008  0.986384 ‐1.68437
H  ‐3.11694  ‐0.5933 ‐0.9466
O  3.541642  ‐0.71911 0.83846
H  3.603042  ‐0.34296 1.723976
 
1‐Q 
C  0.200152  0.022467 1.139974
C  0.146821  ‐0.10913 ‐0.37969
C  0.895326  0.636831 ‐1.19929
C  1.937667  1.62688 ‐0.74567
H  1.569391  2.654455 ‐0.91486
H  2.836764  1.519294 ‐1.37242
C  ‐0.81747  ‐1.14264 ‐0.91952
H  ‐0.48289  ‐2.1596 ‐0.64962
H  ‐0.85498  ‐1.0998 ‐2.01685
H  0.765874  0.507422 ‐2.27973
O  3.13778  ‐1.64331 ‐0.88408
O  2.260018  ‐2.44374 ‐1.02663
O  ‐1.14184  3.145709 ‐0.59837
O  ‐1.86581  2.47286 ‐1.2727
C  0.850052  ‐1.23063 1.763162
H  0.403187  ‐2.164 1.394909
H  0.73541  ‐1.20874 2.857997
H  1.923718  ‐1.26959 1.533765
C  ‐1.24956  0.172764 1.657663
H  ‐1.23375  0.218768 2.758756
H  ‐1.64462  1.141798 1.303782
C  ‐2.18014  ‐0.94452 1.177735
H  ‐1.83971  ‐1.92984 1.533814
H  ‐3.19438  ‐0.79009 1.580372
C  ‐2.2233  ‐0.97165 ‐0.34992
H  ‐2.64134  ‐0.01373 ‐0.71345
C  1.001615  1.273065 1.547972
H  0.373876  2.16661 1.390679
H  1.220648  1.22178 2.62696
C  2.285727  1.430914 0.731759
H  2.912999  0.53166 0.839745
H  2.87865  2.278326 1.104152
A5-16 
 
S16 
O  ‐3.00304  ‐2.05786  ‐0.84377
H  ‐3.90707  ‐1.98014  ‐0.51865
 
TS2a‐Q 
575.7280i cm‐1 
C  ‐0.09221  ‐0.58843  1.039549
C  0.013287  ‐0.12589  ‐0.4165
C  ‐1.17823  ‐0.08758  ‐1.18228
C  ‐2.29499  ‐1.05423  ‐0.94742
H  ‐2.09488  ‐1.93461  ‐1.59037
H  ‐3.24567  ‐0.63268  ‐1.30644
C  ‐2.41458  ‐1.51774  0.511869
H  ‐2.93789  ‐0.74963  1.1006
H  ‐3.03923  ‐2.42053  0.560762
C  ‐1.03701  ‐1.80272  1.121925
H  ‐0.57048  ‐2.6518  0.597896
H  ‐1.14102  ‐2.09512  2.179231
C  1.081968  0.905429  ‐0.70402
H  0.775202  1.87182  ‐0.27146
H  1.1582  1.042268  ‐1.79394
C  ‐0.66791  0.571728  1.880147
H  ‐0.03532  1.467707  1.839509
H  ‐0.73911  0.256076  2.932204
H  ‐1.67037  0.86252  1.542805
C  1.306905  ‐0.95435  1.577719
H  1.652386  ‐1.87665  1.086251
H  1.217118  ‐1.1794  2.652261
C  2.339878  0.158092  1.359537
H  2.079011  1.066258  1.924511
H  3.329443  ‐0.15886  1.716339
C  2.449711  0.530284  ‐0.11402
H  ‐1.16941  0.478873  ‐2.11712
H  2.85848  ‐0.33025  ‐0.67007
O  3.349528  1.632834  ‐0.20739
H  3.573773  1.788067  ‐1.13179
O  ‐3.10915  2.165942  ‐0.24878
O  ‐2.11324  2.828634  ‐0.2869
O  0.792014  ‐1.62869  ‐1.15289
O  1.220979  ‐1.4067  ‐2.31773
 
TS2‐Q 
632.9414i cm‐1 
C  ‐0.2634  ‐0.51625  ‐1.14234
C  ‐0.13357 ‐0.05972  0.295711
C  ‐1.23604 0.476797  0.996893
C  ‐2.38614 1.116369  0.25527
H  ‐2.13272 2.174021  0.069147
H  ‐3.27456 1.108814  0.903264
C  1.104851 ‐0.44371  1.048157
H  1.060451 ‐1.52316  1.292928
H  1.139392 0.090303  2.012031
H  ‐0.99706 0.92112  1.970284
O  ‐2.13658 ‐0.95019  1.665322
O  ‐1.39137 ‐1.83561  2.161141
O  0.613612 2.939269  ‐0.43586
O  0.775171 2.962705  0.749758
C  ‐0.63094 ‐2.02107  ‐1.1418
H  ‐1.60184 ‐2.19532  ‐0.66067
H  0.110901 ‐2.62102  ‐0.59813
H  ‐0.67949 ‐2.3888  ‐2.17822
C  1.078474 ‐0.31173  ‐1.88231
H  1.00329 ‐0.77435  ‐2.87911
H  1.225719 0.76984  ‐2.04612
C  2.388114 ‐0.19959  0.241435
H  2.523909 0.890282  0.095667
C  2.28679 ‐0.86265  ‐1.12367
H  2.21268 ‐1.95146  ‐0.9766
H  3.215011 ‐0.67769  ‐1.68199
C  ‐1.35869 0.287129  ‐1.87276
H  ‐1.54381 ‐0.18073  ‐2.85285
H  ‐0.97567 1.303661  ‐2.07125
C  ‐2.65499 0.39943  ‐1.06888
H  ‐3.41404 0.946631  ‐1.6452
H  ‐3.07054 ‐0.59869  ‐0.86313
O  3.524543 ‐0.74115  0.903177
H  3.586562 ‐0.3788  1.794386
 
1‐T 
C  0.198661 0.026124  1.138145
C  0.146296 ‐0.1106  ‐0.38114
C  0.897267 0.630639  ‐1.20277
C  1.941373 1.619897  ‐0.75162
H  1.575163 2.647791  ‐0.92375
H  2.840472 1.508885  ‐1.37777
C  ‐0.8202 ‐1.14349  ‐0.91817
H  ‐0.48886 ‐2.16036  ‐0.64401
H  ‐0.85635 ‐1.10468  ‐2.01569
H  0.768447 0.49769  ‐2.28286
O  3.131419 ‐1.65834  ‐0.87489
A5-17 
 
S17 
O  2.250142  ‐2.45533 ‐1.01501
O  ‐1.13015  3.150025 ‐0.59649
O  ‐1.84585  2.470208 ‐1.27399
C  0.844323  ‐1.22672 1.76629
H  0.396312  ‐2.16013 1.39955
H  0.727321  ‐1.20152 2.860794
H  1.918429  ‐1.26878 1.539323
C  ‐1.25113  0.182586 1.653714
H  ‐1.23636  0.232536 2.754651
H  ‐1.64277  1.151494 1.295915
C  ‐2.18457  ‐0.93356 1.176789
H  ‐1.84756  ‐1.91861 1.536858
H  ‐3.19877  ‐0.77458 1.577697
C  ‐2.2261  ‐0.96623 ‐0.35082
H  ‐2.64063  ‐0.00838 ‐0.71847
C  1.003528  1.275686 1.542696
H  0.378482  2.170603 1.382544
H  1.222021  1.226941 2.621909
C  2.288399  1.427305 0.72649
H  2.912722  0.526347 0.837241
H  2.883834  2.273953 1.096582
O  ‐3.00862  ‐2.05192 ‐0.84144
H  ‐3.9145  ‐1.96622 ‐0.52367
 
TS2a‐T 
612.9384i cm‐1 
C  ‐0.11057  ‐0.23457 1.588612
C  ‐0.45886  ‐0.2834 0.12139
C  0.077454  0.690969 ‐0.73442
C  0.68524  1.961315 ‐0.23981
H  ‐0.07083  2.574087 0.281276
H  1.096442  2.559998 ‐1.0601
C  ‐0.80483  ‐1.63008 ‐0.45121
H  0.095752  ‐2.26277 ‐0.46292
H  ‐1.18465  ‐1.53842 ‐1.47613
H  ‐0.06464  0.554855 ‐1.80862
O  3.224566  ‐0.15875 0.228223
O  2.555661  ‐0.76279 ‐0.56164
O  ‐2.22733  0.448443 0.338893
O  ‐3.06156  ‐0.01279 ‐0.4704
H  ‐0.72105  ‐0.94949 2.153742
H  ‐1.57056  ‐2.12692 0.158784
H  0.95069  ‐0.48712 1.739119
H  ‐0.28386  0.768933 1.999431
H  1.491345  1.768524 0.487439
 
TS2‐T 
614.9215i cm‐1 
C  ‐0.27028  ‐0.51293 ‐1.15707
C  ‐0.14186  ‐0.02913 0.27216
C  ‐1.2259  0.535059 0.952852
C  ‐2.41143  1.112748 0.221884
H  ‐2.20627  2.178632 0.022607
H  ‐3.28983  1.074431 0.882518
C  1.09524  ‐0.4036 1.031665
H  1.036147  ‐1.47617 1.303196
H  1.134139  0.152398 1.982874
H  ‐1.00155  0.975885 1.930828
O  ‐2.13072  ‐0.96979 1.685159
O  ‐1.36846  ‐1.8228 2.199826
O  0.62648  2.818128 ‐0.19237
O  1.007901  2.996429 0.928597
C  ‐0.62634  ‐2.01963 ‐1.13004
H  ‐1.59499  ‐2.19197 ‐0.64408
H  0.120191  ‐2.60587 ‐0.57806
H  ‐0.67367  ‐2.40527 ‐2.15997
C  1.070702  ‐0.31008 ‐1.89799
H  0.994787  ‐0.77337 ‐2.89441
H  1.218757  0.771715 ‐2.06175
C  2.385116  ‐0.1956 0.223759
H  2.547257  0.888658 0.070761
C  2.276795  ‐0.86429 ‐1.138
H  2.196872  ‐1.95193 ‐0.98693
H  3.205667  ‐0.68718 ‐1.69776
C  ‐1.37207  0.271992 ‐1.89557
H  ‐1.55061  ‐0.20435 ‐2.87274
H  ‐0.99976  1.291759 ‐2.09931
C  ‐2.66957  0.373523 ‐1.09207
H  ‐3.43871  0.899592 ‐1.67461
H  ‐3.06688  ‐0.62897 ‐0.87283
O  3.506877  ‐0.75716 0.894153
H  3.584014  ‐0.37621 1.776417
 
MECP 1 
C  0.204175  ‐0.5093 1.177601
C  0.119793  ‐0.10805 ‐0.27728
C  1.364506  0.203121 ‐1.03315
C  2.424692  0.953927 ‐0.24033
H  2.082028  1.993903 ‐0.12188
A5-18 
 
S18 
H  3.355754  0.978691  ‐0.82418
C  ‐1.12033  ‐0.43739  ‐1.05023
H  ‐1.14218  ‐1.5199  ‐1.29023
H  ‐1.10661  0.086071  ‐2.02126
H  1.131838  0.691204  ‐1.99187
O  2.036713  ‐1.07646  ‐1.43088
O  1.354167  ‐1.71688  ‐2.33032
O  ‐0.54924  2.932868  0.183194
O  ‐0.56546  2.919539  ‐1.01356
C  0.518699  ‐2.02599  1.257672
H  1.50631  ‐2.25383  0.836015
H  ‐0.21874  ‐2.61893  0.69932
H  0.501568  ‐2.35381  2.30869
C  ‐1.14419  ‐0.22538  1.878005
H  ‐1.11335  ‐0.65786  2.890616
H  ‐1.24949  0.866546  2.003024
C  ‐2.40404  ‐0.11571  ‐0.27479
H  ‐2.49174  0.982177  ‐0.15628
C  ‐2.35613  ‐0.75013  1.106735
H  ‐2.31824  ‐1.84452  0.986108
H  ‐3.28833  ‐0.5194  1.640592
C  1.311002  0.286703  1.902189
H  1.45059  ‐0.14176  2.907749
H  0.960921  1.324469  2.043075
C  2.635365  0.319652  1.136458
H  3.382428  0.89517  1.70068
H  3.043514  ‐0.69554  1.017244
O  ‐3.55338  ‐0.62089  ‐0.94404
H  ‐3.59003  ‐0.26682  ‐1.83988
 
3‐T 
C  ‐0.15186  1.188008  ‐0.36334
C  ‐0.07802  ‐0.20887  0.302205
O  0.061536  0.10343  1.751825
O  0.211137  ‐0.96043  2.48309
C  ‐1.39204  ‐1.01583  0.24264
C  ‐2.5918  ‐0.20502  0.715629
H  ‐2.48556  ‐0.0729  1.802944
H  ‐3.50155  ‐0.79728  0.545959
C  ‐2.68151  1.164051  0.030907
H  ‐2.92038  1.027962  ‐1.03457
H  ‐3.51475  1.733628  0.465106
C  ‐1.37389  1.95018  0.191759
H  ‐1.2084  2.172025  1.25823
H  ‐1.44293  2.918034  ‐0.32926
C  1.153151  ‐1.00466  ‐0.11762
H  1.104663 ‐1.21561  ‐1.19488
H  1.147448 ‐1.97341  0.404378
C  ‐0.27407 1.085926  ‐1.89746
H  0.537873 0.504418  ‐2.34975
H  ‐0.22209 2.103941  ‐2.31139
H  ‐1.21671 0.634337  ‐2.22304
C  1.152738 1.940058  ‐0.016
H  1.17864 2.138568  1.066897
H  1.129999 2.919852  ‐0.5178
C  2.411597 1.167276  ‐0.4293
H  2.469054 1.054963  ‐1.52256
H  3.316028 1.709111  ‐0.12075
C  2.441123 ‐0.22711  0.189073
H  ‐1.26075 ‐1.94075  0.82109
O  ‐1.64796 ‐1.42944  ‐1.12771
O  ‐1.07826 ‐2.56703  ‐1.41267
H  2.548811 ‐0.13085  1.284797
O  3.57503 ‐0.90047  ‐0.34669
H  3.676152 ‐1.75863  0.08086
 
MECP 2 
C  ‐2.34679 ‐0.47504  ‐0.11431
C  ‐0.87689 ‐0.12818  ‐0.14684
C  0.139337 ‐1.20737  ‐0.01081
C  ‐0.21311 ‐2.29229  0.997051
H  ‐0.09241 ‐1.86739  2.006161
H  0.50507 ‐3.11875  0.898687
C  ‐0.45079 1.167561  ‐0.76488
H  ‐0.51537 1.097865  ‐1.87015
H  0.613822 1.356962  ‐0.5384
H  1.141947 ‐0.78342  0.157981
O  0.258353 ‐1.93921  ‐1.31224
O  0.730619 ‐1.18221  ‐2.25613
O  ‐0.60451 0.768285  2.868653
O  0.50604 0.878968  2.435957
C  ‐2.77943 ‐0.95195  ‐1.52574
H  ‐2.28976 ‐1.89511  ‐1.79934
H  ‐2.51747 ‐0.21552  ‐2.29817
H  ‐3.86956 ‐1.10299  ‐1.54872
C  ‐3.16597 0.774571  0.280359
H  ‐4.23706 0.544615  0.165308
H  ‐2.99852 0.977963  1.352399
C  ‐1.32226 2.350566  ‐0.32464
H  ‐1.14633 2.5506  0.750607
C  ‐2.79489 2.022256  ‐0.52249
H  ‐2.97631 1.877268  ‐1.59901
A5-19 
 
S19 
H  ‐3.40024  2.883826 ‐0.20904
C  ‐2.62041  ‐1.59078 0.917144
H  ‐3.66359  ‐1.92675 0.804009
H  ‐2.53091  ‐1.15923 1.92956
C  ‐1.65411  ‐2.77234 0.803947
H  ‐1.89832  ‐3.53275 1.558778
H  ‐1.74859  ‐3.26046 ‐0.17786
O  ‐1.03537  3.516974 ‐1.08596
H  ‐0.09984  3.736921 ‐1.00973
S  4.813275  0.330048 ‐0.0553
C  3.733383  ‐0.43679 ‐1.29511
H  2.897664  0.225027 ‐1.55951
H  3.337268  ‐1.39786 ‐0.93873
H  4.331966  ‐0.61965 ‐2.19446
C  3.57258  0.563751 1.245106
H  2.751742  1.202204 0.88941
H  4.05923  1.059253 2.093027
H  3.168197  ‐0.39971 1.586982
 
1c‐Q 
C  2.770831  0.192367 1.197576
C  2.578916  0.280163 ‐0.31476
C  3.022866  1.312655 ‐1.04047
C  3.825513  2.467162 ‐0.49904
H  3.19054  3.370819 ‐0.47445
H  4.650669  2.693327 ‐1.19201
C  1.823098  ‐0.864 ‐0.95741
H  2.424314  ‐1.79093 ‐0.92534
H  1.640434  ‐0.63568 ‐2.01965
H  2.79202  1.335501 ‐2.11225
O  5.724971  ‐0.44058 ‐1.37418
O  5.131991  ‐1.4798 ‐1.38737
O  0.067035  2.530498 ‐0.5235
O  ‐0.03978  2.104317 ‐1.63646
C  3.796458  ‐0.90392 1.549261
H  3.56633  ‐1.86233 1.064447
H  3.809246  ‐1.07032 2.637393
H  4.808008  ‐0.61213 1.236839
C  1.40781  ‐0.14957 1.845046
H  1.55459  ‐0.2794 2.929344
H  0.737116  0.717815 1.71693
C  0.734152  ‐1.38288 1.241389
H  1.353304  ‐2.28529 1.367701
H  ‐0.22792  ‐1.58319 1.733211
C  0.498571  ‐1.16262 ‐0.24498
H  ‐0.18208  ‐0.29805 ‐0.36788
C  3.248099  1.54786 1.750901
H  2.391816  2.245282 1.762988
H  3.570519  1.415691 2.79634
C  4.361072  2.163377 0.901258
H  5.206758  1.462139 0.821661
H  4.749412  3.077027 1.372749
O  ‐0.11683  ‐2.3374 ‐0.76516
H  ‐0.29804  ‐2.21996 ‐1.70467
S  2.787113  ‐0.29411 ‐5.62447
C  1.186716  0.023787 ‐4.83191
H  1.281246  0.7536 ‐4.0161
H  0.749375  ‐0.9078 ‐4.44697
H  0.516076  0.436328 ‐5.59415
C  3.662874  ‐0.98989 ‐4.19462
H  3.159263  ‐1.89294 ‐3.82284
H  3.741922  ‐0.25524 ‐3.38303
H  4.672432  ‐1.26067 ‐4.52514
 
TS1‐Q 
624.9601i cm‐1 
C  ‐0.50359  ‐0.19975 ‐0.75481
C  ‐0.36066  0.293864 0.668928
C  ‐1.45107  0.86367 1.361773
C  ‐2.60348  1.488882 0.612286
H  ‐2.34472  2.539018 0.393042
H  ‐3.48632  1.506843 1.267947
C  0.87929  ‐0.0791 1.424099
H  0.826269  ‐1.15013 1.702699
H  0.925998  0.48444 2.371079
H  ‐1.19536  1.338822 2.316296
O  ‐2.36035  ‐0.53022 2.093121
O  ‐1.62313  ‐1.4379 2.561084
O  0.430823  3.279054 ‐0.08841
O  0.497637  3.321304 1.105885
C  ‐0.879  ‐1.70206 ‐0.71336
H  ‐1.85025  ‐1.85878 ‐0.22679
H  ‐0.13976  ‐2.29171 ‐0.15514
H  ‐0.93092  ‐2.0962 ‐1.73978
C  0.83497  ‐0.02051 ‐1.50733
H  0.750583  ‐0.50421 ‐2.49325
H  0.987907  1.056392 ‐1.69523
C  2.160908  0.13104 0.604692
H  2.306408  1.215927 0.432489
C  2.044068  ‐0.56288 ‐0.7439
H  1.962514  ‐1.6473 ‐0.57089
A5-20 
 
S20 
H  2.969897  ‐0.39839  ‐1.31236
C  ‐1.59922  0.591164  ‐1.49823
H  ‐1.79529  0.098255  ‐2.46368
H  ‐1.21041  1.599122  ‐1.72714
C  ‐2.88825  0.735249  ‐0.68782
H  ‐3.64852  1.270359  ‐1.27365
H  ‐3.30849  ‐0.25368  ‐0.4496
O  3.294249  ‐0.4076  1.272358
H  3.380164  ‐0.01069  2.146856
H  ‐1.38083  ‐0.19133  5.87601
C  ‐1.12305  0.5411  5.102843
H  ‐0.44143  0.061541  4.38728
H  ‐2.04549  0.840345  4.586418
S  ‐0.33711  1.956337  5.921672
C  ‐0.01864  2.965675  4.448935
H  0.647978  2.442438  3.749447
H  0.473301  3.889315  4.774491
H  ‐0.9554  3.228686  3.937591
 
3‐Q 
C  ‐0.18494  ‐0.80143  ‐2.20574
C  ‐0.00222  ‐0.39325  ‐0.763
C  ‐1.18391  0.006869  0.044669
C  ‐2.22996  0.827217  ‐0.69864
H  ‐1.8299  1.842675  ‐0.84498
H  ‐3.12644  0.914502  ‐0.06811
C  1.268649  ‐0.75419  ‐0.05514
H  1.257167  ‐1.83017  0.209607
H  1.332759  ‐0.20659  0.902047
H  ‐0.86625  0.48946  0.98237
O  ‐1.95759  ‐1.20304  0.500898
O  ‐1.19793  ‐2.09748  1.053293
O  0.804841  2.619631  ‐1.34636
O  0.816755  2.551683  ‐0.15134
C  ‐0.59701  ‐2.29598  ‐2.24926
H  ‐1.5696  ‐2.46094  ‐1.76739
H  0.134642  ‐2.92865  ‐1.72787
H  ‐0.66291  ‐2.63238  ‐3.29536
C  1.137733  ‐0.6075  ‐2.98248
H  1.029288  ‐1.05762  ‐3.98186
H  1.293689  0.474302  ‐3.13734
C  2.519253  ‐0.50797  ‐0.90781
H  2.650064  0.5809  ‐1.06383
C  2.362335  ‐1.17692  ‐2.2647
H  2.273634  ‐2.26378  ‐2.10886
H  3.27372  ‐1.01048  ‐2.85555
C  ‐1.27516 0.05909  ‐2.8828
H  ‐1.49473 ‐0.36824  ‐3.87434
H  ‐0.86351 1.069315  ‐3.0541
C  ‐2.55322 0.192225  ‐2.05312
H  ‐3.28806 0.80894  ‐2.58917
H  ‐3.02145 ‐0.79118  ‐1.89428
O  3.680445 ‐1.04822  ‐0.28877
H  3.782752 ‐0.67783  0.595509
S  ‐0.19491 1.127412  4.589186
C  ‐0.85314 ‐0.33135  3.733268
H  ‐0.11422 ‐0.75257  3.037888
H  ‐1.77631 ‐0.0916  3.187534
H  ‐1.08535 ‐1.08746  4.491515
C  0.143526 2.149934  3.130467
H  0.867906 1.657328  2.46682
H  0.573717 3.097104  3.475242
H  ‐0.77958 2.366202  2.573973
 
1c‐T 
C  2.77052 0.192771  1.197696
C  2.578881 0.280529  ‐0.31464
C  3.023465 1.312739  ‐1.0404
C  3.825948 2.467307  ‐0.49896
H  3.191045 3.371033  ‐0.47514
H  4.651604 2.693057  ‐1.19147
C  1.822835 ‐0.86331  ‐0.9576
H  2.423727 ‐1.79048  ‐0.92589
H  1.6404 ‐0.6344  ‐2.01975
H  2.792793 1.335245  ‐2.11224
O  5.724934 ‐0.44131  ‐1.37434
O  5.131416 ‐1.48024  ‐1.38789
O  0.072573 2.52587  ‐0.52331
O  ‐0.03723 2.097993  ‐1.63605
C  3.796549 ‐0.90323  1.549197
H  3.566301 ‐1.86174  1.06464
H  3.809985 ‐1.06938  2.637347
H  4.807805 ‐0.61131  1.235956
C  1.407667 ‐0.14976  1.845159
H  1.554623 ‐0.28004  2.92938
H  0.736583 0.717437  1.71755
C  0.734201 ‐1.38298  1.241054
H  1.353529 ‐2.28532  1.366983
H  ‐0.22779 ‐1.58365  1.732865
C  0.498355 ‐1.16198  ‐0.24518
H  ‐0.18235 ‐0.29737  ‐0.36731
C  3.247395 1.548389  1.751019
A5-21 
 
S21 
H  2.390987  2.245661 1.762792
H  3.569494  1.416402 2.796585
C  4.360621  2.164033 0.901798
H  5.206631  1.463113 0.822983
H  4.748334  3.077956 1.373278
O  ‐0.11722  ‐2.33642 ‐0.76585
H  ‐0.29932  ‐2.21819 ‐1.70507
S  2.78664  ‐0.29391 ‐5.62433
C  1.186274  0.023826 ‐4.83169
H  1.280869  0.75306 ‐4.01541
H  0.748595  ‐0.90793 ‐4.44749
H  0.515861  0.437102 ‐5.59376
C  3.662561  ‐0.99006 ‐4.19469
H  3.158821  ‐1.89305 ‐3.82297
H  3.741938  ‐0.2555 ‐3.38306
H  4.67199  ‐1.26094 ‐4.52553
 
TS1‐T 
608.4017i cm‐1 
C  ‐0.50787  ‐0.20051 ‐0.76356
C  ‐0.36619  0.314548 0.652898
C  ‐1.43658  0.914978 1.324051
C  ‐2.61906  1.489847 0.586393
H  ‐2.40201  2.547487 0.357323
H  ‐3.49333  1.481507 1.253843
C  0.871669  ‐0.05239 1.414591
H  0.807699  ‐1.11811 1.711217
H  0.920931  0.526968 2.351776
H  ‐1.1941  1.383643 2.284899
O  ‐2.36483  ‐0.54547 2.11566
O  ‐1.62112  ‐1.44902 2.569582
O  0.410348  3.17907 0.012763
O  0.623181  3.410085 1.168065
C  ‐0.87819  ‐1.70282 ‐0.70103
H  ‐1.84863  ‐1.85553 ‐0.21192
H  ‐0.13727  ‐2.28341 ‐0.13567
H  ‐0.92912  ‐2.11071 ‐1.7221
C  0.831083  ‐0.02727 ‐1.51635
H  0.746289  ‐0.51641 ‐2.49953
H  0.985975  1.048429 ‐1.70994
C  2.158132  0.132363 0.595577
H  2.319823  1.213195 0.416072
C  2.03774  ‐0.56932 ‐0.74868
H  1.951852  ‐1.65225 ‐0.56935
H  2.964596  ‐0.41225 ‐1.31753
C  ‐1.60589  0.578598 ‐1.51443
H  ‐1.79774  0.078495 ‐2.477
H  ‐1.22235  1.587621 ‐1.74829
C  ‐2.89614  0.718678 ‐0.70508
H  ‐3.66261  1.238651 ‐1.29641
H  ‐3.30486  ‐0.27217 ‐0.45572
O  3.281504  ‐0.41688 1.271428
H  3.380965  ‐0.00176 2.135985
H  ‐1.37966  ‐0.21297 5.842826
C  ‐1.11681  0.536114 5.087449
H  ‐0.42774  0.073112 4.368081
H  ‐2.03495  0.844191 4.568784
S  ‐0.34045  1.936266 5.940484
C  ‐0.01012  2.970908 4.48837
H  0.662827  2.460162 3.785898
H  0.477875  3.889555 4.833415
H  ‐0.94261  3.241189 3.973145
 
4‐T 
C  ‐2.36565  ‐0.35167 0.009667
C  ‐0.85395  ‐0.06423 0.192783
C  0.058375  ‐1.27602 ‐0.09435
C  ‐0.37571  ‐2.51581 0.677947
H  ‐0.16859  ‐2.33171 1.742309
H  0.252001  ‐3.36057 0.362594
C  ‐0.40314  1.229733 ‐0.47833
H  ‐0.52822  1.146728 ‐1.5661
H  0.672017  1.375359 ‐0.28686
H  1.101239  ‐0.99095 0.112219
O  ‐0.0022  ‐1.62091 ‐1.50602
O  0.760273  ‐0.85904 ‐2.23785
O  ‐0.71778  0.127657 1.663857
O  0.492848  0.433419 2.020843
C  ‐2.73529  ‐0.57034 ‐1.47243
H  ‐2.37001  ‐1.52479 ‐1.86514
H  ‐2.35328  0.219056 ‐2.13128
H  ‐3.83229  ‐0.56733 ‐1.55405
C  ‐3.14226  0.874011 0.541322
H  ‐4.21657  0.697027 0.378352
H  ‐2.99638  0.954072 1.629812
C  ‐1.21806  2.427869 0.028759
H  ‐0.99543  2.589378 1.099337
C  ‐2.71457  2.182363 ‐0.13399
H  ‐2.94178  2.166411 ‐1.21114
H  ‐3.26104  3.034789 0.291933
C  ‐2.74078  ‐1.61249 0.819207
A5-22 
 
S22 
H  ‐3.80051  ‐1.84246  0.626983
H  ‐2.65169  ‐1.38996  1.894408
C  ‐1.86521  ‐2.82512  0.477045
H  ‐2.14709  ‐3.67702  1.110851
H  ‐2.03444  ‐3.14275  ‐0.56255
O  ‐0.90197  3.600693  ‐0.71175
H  0.019591  3.843374  ‐0.56618
H  4.426771  ‐0.37663  ‐2.14991
C  3.8363  ‐0.3017  ‐1.22989
H  3.019682  0.414468  ‐1.39271
H  3.410583  ‐1.28985  ‐1.00679
S  4.936606  0.252978  0.100675
C  3.691713  0.365317  1.41408
H  2.899399  1.076359  1.145668
H  4.18976  0.718625  2.324009
H  3.240537  ‐0.61533  1.619914
 
5‐T 
C  ‐1.15288  2.017091  3.781758
C  ‐1.47988  1.121474  5.002902
O  ‐2.34196  1.989342  5.850313
O  ‐2.66598  1.431798  6.978474
C  ‐2.38839  ‐0.07785  4.684334
C  ‐3.63795  0.319316  3.907006
H  ‐4.28843  0.869197  4.604031
H  ‐4.1676  ‐0.59976  3.621423
C  ‐3.31848  1.192809  2.688377
H  ‐2.79993  0.588658  1.928894
H  ‐4.25804  1.526023  2.226697
C  ‐2.46959  2.410364  3.078868
H  ‐3.05393  3.065022  3.745038
H  ‐2.22004  3.00359  2.185175
C  ‐0.24805  0.758202  5.825728
H  0.422488  0.128408  5.224048
H  ‐0.56778  0.167502  6.697752
C  ‐0.23415  1.301046  2.769992
H  0.670481  0.888779  3.231953
H  0.082938  2.039654  2.018905
H  ‐0.73242  0.47906  2.246504
C  ‐0.42604  3.27697  4.303371
H  ‐1.11874  3.8669  4.923719
H  ‐0.1621  3.905052  3.438606
C  0.831149  2.93703  5.112097
H  1.586207  2.440003  4.484323
H  1.299245  3.850458  5.503292
C  0.50624  2.016003  6.283269
H  ‐2.64564 ‐0.58989  5.624035
O  ‐1.57602 ‐1.0192  3.922646
O  ‐2.17356 ‐2.17017  3.803499
H  ‐0.12675 2.567134  7.002735
O  1.741425 1.665431  6.895943
H  1.579503 1.177305  7.711262
S  ‐0.27305 ‐4.5243  6.793735
C  ‐0.44267 ‐4.88358  5.022649
H  ‐0.00892 ‐5.87313  4.839785
H  0.092716 ‐4.13834  4.420532
H  ‐1.49954 ‐4.89291  4.72705
C  ‐1.04921 ‐2.88441  6.777234
H  ‐2.09653 ‐2.95515  6.452579
H  ‐0.5025 ‐2.21318  6.100995
H  ‐1.01389 ‐2.48149  7.796422
 
TS3a‐T 
1098.5233i cm‐1 
C  0.118855 2.844569  ‐0.86866
C  0.493502 2.149761  ‐2.21999
O  0.15002 0.780793  ‐2.01069
O  0.654581 ‐0.05992  ‐3.31927
C  ‐0.37698 2.607782  ‐3.40437
C  ‐1.86692 2.50074  ‐3.10528
H  ‐2.09877 1.4258  ‐3.05758
H  ‐2.42328 2.926448  ‐3.95226
C  ‐2.24709 3.177945  ‐1.78361
H  ‐2.13009 4.267982  ‐1.88449
H  ‐3.31193 3.001407  ‐1.57452
C  ‐1.39219 2.657148  ‐0.62019
H  ‐1.59776 1.585593  ‐0.46783
H  ‐1.66182 3.176722  0.313864
C  1.993653 2.277129  ‐2.50698
H  2.285221 3.334349  ‐2.58126
H  2.208889 1.798163  ‐3.47469
C  0.444947 4.352072  ‐0.85181
H  1.501401 4.559042  ‐1.05754
H  0.221648 4.737633  0.155011
H  ‐0.14175 4.927932  ‐1.57425
C  0.936437 2.153227  0.244945
H  0.595208 1.111157  0.34309
H  0.720177 2.655474  1.201614
C  2.447565 2.178111  ‐0.02551
H  2.835871 3.207706  0.007318
H  2.98866 1.615368  0.74858
A5-23 
 
S23 
C  2.792525  1.596691 ‐1.39369
H  ‐0.10596  2.014003 ‐4.28818
O  ‐0.01929  3.987753 ‐3.72344
O  ‐0.50794  4.35221 ‐4.87398
H  2.54752  0.51928 ‐1.40627
O  4.197776  1.77231 ‐1.57959
H  4.436039  1.487389 ‐2.46916
S  0.459635  ‐1.86197 ‐3.37093
C  1.194174  ‐2.12753 ‐1.74243
H  0.898083  ‐1.2833 ‐1.10471
H  2.281997  ‐2.13795 ‐1.86987
H  0.853779  ‐3.08586 ‐1.33352
C  ‐1.28898  ‐1.81971 ‐2.92006
H  ‐1.42447  ‐0.99696 ‐2.20542
H  ‐1.58624  ‐2.78422 ‐2.4924
H  ‐1.85779  ‐1.62099 ‐3.83458
 
TS3‐T 
1059.3299i cm‐1 
C  0.361174  2.360897 ‐0.48252
C  0.774004  2.272561 ‐1.97218
O  1.636628  1.055073 ‐2.0192
O  2.194268  0.872743 ‐3.17732
C  ‐0.39054  1.960789 ‐2.93869
C  ‐1.17316  0.72392 ‐2.49079
H  ‐0.53688  ‐0.16475 ‐2.62986
H  ‐2.03845  0.626119 ‐3.16088
C  ‐1.61367  0.826645 ‐1.02667
H  ‐2.35098  1.637259 ‐0.92891
H  ‐2.12373  ‐0.0996 ‐0.72573
C  ‐0.41381  1.0815 ‐0.10311
H  0.270876  0.218904 ‐0.14665
H  ‐0.74432  1.176203 0.943928
C  1.632391  3.450916 ‐2.41566
H  1.034336  4.370667 ‐2.35367
H  1.919931  3.302607 ‐3.46887
C  ‐0.53281  3.587963 ‐0.2137
H  ‐0.04364  4.532207 ‐0.48305
H  ‐0.75098  3.622293 0.864788
H  ‐1.47671  3.543558 ‐0.76573
C  1.647778  2.485068 0.36483
H  2.22363  1.549178 0.288107
H  1.357529  2.593597 1.421672
C  2.528937  3.666955 ‐0.06052
H  2.021707  4.626703 0.120257
H  3.458337  3.68703 0.525314
C  2.885594  3.591935 ‐1.54138
H  0.064328  1.775545 ‐3.92977
O  ‐1.20349  3.113794 ‐3.00853
O  ‐2.1313  2.896852 ‐4.33151
H  3.535979  2.713742 ‐1.70547
O  3.599176  4.783266 ‐1.86827
H  3.971327  4.702672 ‐2.75351
S  ‐2.03462  3.967722 ‐5.79919
C  ‐0.2348  3.915141 ‐5.91305
H  0.157317  3.9895 ‐4.88974
H  0.126861  4.737446 ‐6.54101
H  0.041693  2.950794 ‐6.35325
C  ‐2.22556  5.496404 ‐4.85695
H  ‐1.82258  6.342365 ‐5.42579
H  ‐1.69803  5.355424 ‐3.90415
H  ‐3.29546  5.637965 ‐4.67351
 
6‐T 
C  0.42832  2.475277 ‐0.27316
C  0.469711  3.237119 ‐1.61792
O  0.829551  2.19069 ‐2.61422
O  0.875211  2.6504 ‐3.82582
C  ‐0.92529  3.755196 ‐2.03951
C  ‐1.96634  2.625291 ‐2.08292
H  ‐1.6874  1.931689 ‐2.89245
H  ‐2.93881  3.066841 ‐2.33902
C  ‐2.01685  1.865791 ‐0.75214
H  ‐2.41723  2.526294 0.031869
H  ‐2.71692  1.022767 ‐0.83437
C  ‐0.62535  1.349375 ‐0.3597
H  ‐0.29256  0.599546 ‐1.09565
H  ‐0.66687  0.840602 0.61619
C  1.55574  4.304106 ‐1.66758
H  1.322834  5.082546 ‐0.92853
H  1.540921  4.778013 ‐2.66213
C  0.049639  3.431999 0.87337
H  0.777006  4.24092 1.007601
H  0.013018  2.854592 1.809146
H  ‐0.93135  3.902351 0.729429
C  1.829694  1.883527 ‐0.00803
H  2.033794  1.098506 ‐0.75398
H  1.818602  1.389054 0.975746
C  2.942021  2.939251 ‐0.05386
H  2.833759  3.66976 0.761834
H  3.925617  2.467781 0.076468
A5-24 
 
S24 
C  2.936819  3.703321  ‐1.37382
H  ‐0.81747  4.17604  ‐3.06867
O  ‐1.30187  4.842129  ‐1.30198
O  ‐2.68487  3.864397  ‐6.62998
H  3.20529  3.006001  ‐2.18917
O  3.923669  4.723763  ‐1.2711
H  3.997944  5.19395  ‐2.10926
S  ‐1.52945  3.421125  ‐5.75382
C  ‐0.01993  3.707426  ‐6.72355
H  ‐0.17582  3.281104  ‐7.72217
H  0.838807  3.249325  ‐6.2188
H  0.115291  4.791441  ‐6.80264
C  ‐1.48081  1.607691  ‐5.84787
H  ‐0.58726  1.239309  ‐5.32782
H  ‐1.48195  1.316671  ‐6.90564
H  ‐2.39059  1.234588  ‐5.36428
 
MECP 3 
C  ‐2.02269  0.955977  ‐0.46257
C  ‐0.99555  0.066079  0.278267
O  ‐0.12162  ‐0.45886  ‐0.80994
O  0.705297  ‐1.37151  ‐0.39654
C  ‐0.03074  0.844554  1.201082
C  0.640975  2.021483  0.428458
H  1.295019  1.549251  ‐0.31985
H  1.274113  2.574322  1.132995
C  ‐0.38409  2.915132  ‐0.27099
H  ‐0.98873  3.449336  0.476504
H  0.148845  3.683189  ‐0.84936
C  ‐1.27845  2.087703  ‐1.20372
H  ‐0.66103  1.65395  ‐2.00755
H  ‐2.02705  2.733603  ‐1.68884
C  ‐1.64049  ‐1.12543  0.976816
H  ‐2.30566  ‐0.74684  1.76586
H  ‐0.85491  ‐1.72414  1.462836
C  ‐3.03395  1.591899  0.513726
H  ‐3.59205  0.848809  1.09425
H  ‐3.76246  2.168457  ‐0.07626
H  ‐2.56257  2.268222  1.233706
C  ‐2.78352  0.061691  ‐1.46605
H  ‐2.08629  ‐0.28099  ‐2.24723
H  ‐3.54669  0.675584  ‐1.9696
C  ‐3.44417  ‐1.15148  ‐0.79847
H  ‐4.23988  ‐0.84046  ‐0.10508
H  ‐3.91933  ‐1.79342  ‐1.55274
C  ‐2.43771  ‐1.98625  ‐0.0125
H  0.796462 0.172566  1.513174
O  ‐0.63408 1.350467  2.311644
O  4.938097 0.335578  0.540064
H  ‐1.73106 ‐2.45598  ‐0.72172
O  ‐3.17562 ‐2.99523  0.668741
H  ‐2.57305 ‐3.58979  1.129572
S  3.583416 ‐0.23911  0.173354
C  3.795168 ‐2.04094  0.101272
H  4.691988 ‐2.25219  ‐0.49424
H  2.90005 ‐2.49829  ‐0.33634
H  3.943276 ‐2.39226  1.127987
C  3.393902 0.012202  ‐1.6165
H  2.468097 ‐0.46803  ‐1.95738
H  4.275291 ‐0.40243  ‐2.1214
H  3.354282 1.094021  ‐1.78772
 
6‐S 
C  2.14846 ‐0.94557  ‐0.32005
C  0.989555 ‐0.05248  0.178507
O  0.271726 0.3392  ‐1.05941
O  ‐0.72781 1.130135  ‐0.8227
C  ‐0.05409 ‐0.8539  1.004688
C  ‐0.58745 ‐2.06739  0.230981
H  ‐1.16558 ‐1.70406  ‐0.63384
H  ‐1.27646 ‐2.61436  0.888692
C  0.560529 ‐2.9588  ‐0.25706
H  1.059485 ‐3.41869  0.609528
H  0.158467 ‐3.7858  ‐0.85855
C  1.566981 ‐2.15197  ‐1.08935
H  1.076154 ‐1.79181  ‐2.00803
H  2.40403 ‐2.79353  ‐1.40658
C  1.467617 1.217571  0.868786
H  2.016659 0.941456  1.77884
H  0.591993 1.808629  1.179084
C  2.977308 ‐1.45982  0.872027
H  3.463159 ‐0.65109  1.429945
H  3.766529 ‐2.12233  0.486652
H  2.378111 ‐2.03343  1.59105
C  3.04652 ‐0.09646  ‐1.24596
H  2.484026 0.147887  ‐2.1617
H  3.905857 ‐0.71035  ‐1.55755
C  3.536807 1.197293  ‐0.58242
H  4.208729 0.983762  0.262366
H  4.113715 1.800677  ‐1.29645
C  2.375517 2.036334  ‐0.0589
H  ‐0.8925 ‐0.13876  1.193794
A5-25 
 
S25 
O  0.418574  ‐1.13471 2.251755
O  ‐4.94456  ‐0.17512 0.821126
H  1.779366  2.394995 ‐0.91865
O  2.938552  3.146537 0.630715
H  2.238093  3.740398 0.923601
S  ‐3.60898  0.241292 0.236056
C  ‐3.73196  2.025013 ‐0.08669
H  ‐4.67089  2.205829 ‐0.62429
H  ‐2.86392  2.358419 ‐0.66758
H  ‐3.76038  2.530096 0.884761
C  ‐3.62928  ‐0.27396 ‐1.50576
H  ‐2.73208  0.107832 ‐2.00948
H  ‐4.54686  0.109593 ‐1.96893
H  ‐3.64297  ‐1.36956 ‐1.51835
 
TS4‐S 
424.1565i cm‐1 
C  0.022987  2.125388 ‐0.37478
C  0.536698  2.303294 ‐1.80628
O  0.744662  1.017375 ‐2.34329
O  1.395935  0.991632 ‐3.46798
C  ‐0.79313  2.862487 ‐2.88406
C  ‐1.91891  1.840618 ‐2.71408
H  ‐1.59372  0.872457 ‐3.12294
H  ‐2.75919  2.196514 ‐3.32935
C  ‐2.34858  1.692159 ‐1.25067
H  ‐2.71366  2.663086 ‐0.88461
H  ‐3.19315  0.992362 ‐1.18763
C  ‐1.19944  1.184449 ‐0.36804
H  ‐0.89195  0.181959 ‐0.70584
H  ‐1.53896  1.08002 0.673983
C  1.738091  3.198929 ‐1.96358
H  1.496838  4.193254 ‐1.56729
H  2.002779  3.304966 ‐3.02428
C  ‐0.34898  3.470285 0.271604
H  0.514289  4.137618 0.377635
H  ‐0.73722  3.268609 1.280696
H  ‐1.1125  4.007947 ‐0.30071
C  1.210821  1.494069 0.401571
H  1.378265  0.472882 0.022407
H  0.918628  1.399687 1.458589
C  2.505727  2.311392 0.286336
H  2.40923  3.284037 0.790928
H  3.331924  1.784556 0.78246
C  2.904057  2.574523 ‐1.16535
H  ‐0.16804  2.717976 ‐3.8016
O  ‐1.01521  4.077874 ‐2.53836
O  ‐0.18299  5.82546 ‐7.52151
H  3.183193  1.61737 ‐1.64224
O  4.020489  3.45046 ‐1.14285
H  4.428654  3.490868 ‐2.01508
S  ‐0.56927  6.033193 ‐6.07015
C  0.748936  5.276125 ‐5.07494
H  0.960701  4.284454 ‐5.49828
H  0.420868  5.209797 ‐4.0283
H  1.635237  5.913184 ‐5.16947
C  ‐1.83581  4.786225 ‐5.69115
H  ‐2.07642  4.826707 ‐4.62091
H  ‐1.45189  3.79852 ‐5.97992
H  ‐2.71593  5.030453 ‐6.29581
 
TS4‐T 
179.2016i cm‐1 
C  0.050686  2.13355 ‐0.37398
C  0.551276  2.214243 ‐1.7956
O  0.794167  0.870412 ‐2.27113
O  1.091092  0.837035 ‐3.54591
C  ‐1.14066  2.792303 ‐3.00959
C  ‐2.03398  1.620677 ‐2.61416
H  ‐1.58767  0.676732 ‐2.9582
H  ‐2.96307  1.765539 ‐3.18918
C  ‐2.35047  1.570728 ‐1.11493
H  ‐2.72927  2.554434 ‐0.80068
H  ‐3.16225  0.84995 ‐0.94519
C  ‐1.1396  1.160492 ‐0.26504
H  ‐0.81321  0.149425 ‐0.55613
H  ‐1.43066  1.107877 0.795718
C  1.70836  3.109604 ‐2.0767
H  1.463626  4.137849 ‐1.77788
H  1.947735  3.098963 ‐3.15105
C  ‐0.3429  3.514762 0.177267
H  0.505789  4.207854 0.216184
H  ‐0.70959  3.382346 1.205737
H  ‐1.12778  3.985015 ‐0.42409
C  1.276083  1.58846 0.427622
H  1.463018  0.545955 0.124673
H  1.000525  1.570574 1.493327
C  2.544248  2.430122 0.225346
H  2.428001  3.435847 0.655049
H  3.393347  1.9671 0.746164
A5-26 
 
S26 
C  2.915705  2.593152  ‐1.2483
H  ‐0.50175  2.641555  ‐3.91033
O  ‐1.39153  3.951697  ‐2.63921
O  0.280736  6.130171  ‐7.29839
H  3.216628  1.610524  ‐1.65626
O  4.000403  3.503148  ‐1.31202
H  4.38653  3.502807  ‐2.19519
S  ‐0.33453  6.20441  ‐5.91398
C  0.75439  5.256043  ‐4.81272
H  0.987686  4.306226  ‐5.31399
H  0.238314  5.09333  ‐3.85612
H  1.67319  5.836685  ‐4.67333
C  ‐1.69785  5.003463  ‐5.888
H  ‐2.07445  4.908218  ‐4.86138
H  ‐1.31768  4.045333  ‐6.26637
H  ‐2.47857  5.380611  ‐6.55717
 
7‐S 
C  ‐0.32491  2.791802  ‐1.30816
C  ‐0.54959  4.2197  ‐0.9013
O  ‐1.55993  4.77842  ‐1.40803
O  ‐1.76667  6.126966  ‐1.17622
C  ‐3.14158  3.827475  0.659741
C  ‐3.64406  3.016609  ‐0.50762
H  ‐3.81921  3.717445  ‐1.33989
H  ‐4.64345  2.655853  ‐0.20864
     
C  ‐2.75146  1.836508  ‐0.91829
H  ‐2.36401  1.351761  ‐0.00996
H  ‐3.39521  1.095518  ‐1.413
C  ‐1.5947  2.14038  ‐1.89165
H  ‐1.96984  2.756152  ‐2.72371
H  ‐1.26539  1.186013  ‐2.33324
C  0.536992  4.991899  ‐0.28409
H  1.050145  4.41342  0.492659
H  0.196593  5.963165  0.085644
C  0.246179  1.947504  ‐0.15469
H  1.272228  2.239137  0.09987
H  0.269163  0.89451  ‐0.47226
H  ‐0.37241  2.036187  0.746315
C  0.7506  2.952285  ‐2.43605
H  0.253302  3.388981  ‐3.31826
H  1.091405  1.94441  ‐2.71924
C  1.947281  3.831085  ‐2.03589
H  2.564162  3.342003  ‐1.2663
H  2.600388  3.989928  ‐2.90482
C  1.514628 5.193985  ‐1.49368
H  ‐3.77413 4.690045  0.964506
O  ‐2.11785 3.58133  1.264194
O  1.009191 8.100316  ‐0.73033
H  0.948566 5.744699  ‐2.27233
O  2.64579 5.917762  ‐1.10102
H  2.333736 6.825219  ‐0.91374
S  ‐0.06561 8.590395  ‐1.70764
C  0.425072 10.29953  ‐2.07798
H  0.615851 10.82015  ‐1.13175
H  ‐0.36653 10.79621  ‐2.65289
H  1.345984 10.25434  ‐2.66921
C  ‐1.49297 8.99193  ‐0.67395
H  ‐2.26342 9.46747  ‐1.29337
H  ‐1.15571 9.657172  0.130458
H  ‐1.86208 8.041278  ‐0.27486
 
TS5‐S 
367.6694i cm‐1 
C  ‐1.56946 0.512327  0.961626
C  ‐0.91475 0.291371  ‐0.37165
O  ‐0.07525 ‐0.6904  ‐0.34357
O  0.233109 ‐1.23207  ‐1.59411
C  ‐1.87917 ‐1.81324  ‐1.55164
C  ‐1.84166 ‐2.63594  ‐0.27577
H  ‐0.80642 ‐2.95125  ‐0.0842
H  ‐2.40893 ‐3.55522  ‐0.4991
C  ‐2.48109 ‐1.9487  0.951389
H  ‐3.46451 ‐1.55454  0.653432
H  ‐2.68207 ‐2.74109  1.687166
C  ‐1.6853 ‐0.8457  1.688392
H  ‐0.67413 ‐1.21208  1.924497
H  ‐2.18428 ‐0.6518  2.651172
C  ‐0.7056 1.428314  ‐1.30213
H  ‐1.64367 1.965171  ‐1.48504
H  ‐0.29053 1.06405  ‐2.2484
C  ‐2.95038 1.16937  0.807003
H  ‐2.88326 2.182791  0.392887
H  ‐3.41037 1.249011  1.802647
H  ‐3.60533 0.580572  0.154898
C  ‐0.59145 1.477786  1.693287
H  0.335407 0.930914  1.920819
H  ‐1.0562 1.78606  2.642734
C  ‐0.24322 2.714877  0.846971
H  ‐1.11457 3.375006  0.7108
A5-27 
 
S27 
H  0.526991  3.305266 1.360774
C  0.29107  2.34733 ‐0.53814
H  ‐1.75869  ‐2.32868 ‐2.51836
O  ‐2.32383  ‐0.65268 ‐1.52398
H  1.242222  1.801881 ‐0.40902
O  0.485941  3.558503 ‐1.25618
H  1.014528  3.389816 ‐2.04381
S  3.373917  ‐0.60755 0.630425
C  3.369621  ‐0.37466 ‐1.17023
H  2.332937  ‐0.4629 ‐1.52905
H  4.007044  ‐1.13826 ‐1.63448
H  3.781996  0.622094 ‐1.36463
C  2.54374  ‐2.22608 0.628255
H  1.683824  ‐2.19284 ‐0.05253
H  2.226973  ‐2.4134 1.660649
H  3.26652  ‐2.99035 0.314688
O  2.370994  0.401418 1.180399
 
8‐S 
C  ‐0.0057  1.14905 0.075828
C  0.006825  ‐0.38316 0.207955
O  0.349546  ‐0.91009 ‐1.10394
O  1.229703  ‐1.99183 ‐0.81528
C  2.030931  ‐1.38437 0.188353
C  2.980051  ‐0.32003 ‐0.39288
H  2.973152  ‐0.44133 ‐1.48632
H  4.001624  ‐0.53494 ‐0.04854
C  2.619716  1.127083 ‐0.02182
H  2.624432  1.235365 1.072712
H  3.426626  1.77154 ‐0.40067
C  1.291662  1.636865 ‐0.60734
H  1.253365  1.372008 ‐1.67525
H  1.281061  2.737766 ‐0.5543
C  ‐1.30471  ‐0.99732 0.674054
H  ‐1.51014  ‐0.69361 1.710766
H  ‐1.17215  ‐2.09008 0.659047
C  ‐0.12308  1.771936 1.475832
H  ‐1.05103  1.485259 1.986732
H  ‐0.11559  2.868309 1.388331
H  0.714815  1.465151 2.114871
C  ‐1.21462  1.541221 ‐0.80248
H  ‐1.02643  1.186324 ‐1.83011
H  ‐1.27164  2.639907 ‐0.85088
C  ‐2.54327  0.957915 ‐0.30776
H  ‐2.80835  1.344706 0.688367
H  ‐3.3623  1.236596 ‐0.98487
C  ‐2.46327  ‐0.56151 ‐0.22824
O  1.063302  ‐0.8257 1.052714
H  ‐2.28836  ‐0.96033 ‐1.24444
O  ‐3.7108  ‐1.0305 0.273953
H  ‐3.71981  ‐1.99431 0.270982
H  2.53889  ‐2.20454 0.709844
 
Product 
C  1.100125  ‐1.1859 0.014432
C  1.007829  0.282942 0.418923
O  ‐0.05084  0.884913 0.475708
C  2.325998  1.014082 0.559049
H  2.996125  0.496589 1.2604
H  2.126209  2.029642 0.924036
C  1.941829  ‐2.012 1.005583
H  1.577355  ‐1.90213 2.033747
H  1.875825  ‐3.0736 0.721171
H  3.002045  ‐1.73172 0.98544
C  ‐0.29636  ‐1.80832 ‐0.17889
H  ‐0.89307  ‐1.13522 ‐0.81496
H  ‐0.13863  ‐2.73423 ‐0.75656
C  ‐1.11689  ‐2.1791 1.071907
H  ‐1.87536  ‐2.90795 0.752285
H  ‐0.48551  ‐2.69509 1.810187
C  ‐1.84852  ‐1.02344 1.762302
H  ‐2.2552  ‐0.30605 1.035248
H  ‐2.70952  ‐1.40435 2.340489
C  2.991244  1.033973 ‐0.83217
H  2.342128  1.60797 ‐1.52069
C  1.81528  ‐1.14237 ‐1.3706
H  1.129756  ‐0.67685 ‐2.09973
H  1.974642  ‐2.18006 ‐1.70272
C  3.149426  ‐0.38468 ‐1.36603
H  3.898904  ‐0.89837 ‐0.74568
H  3.562878  ‐0.33757 ‐2.38286
C  ‐1.0202  ‐0.25004 2.756665
H  ‐1.4432  0.726886 3.083539
O  0.028866  ‐0.64132 3.224333
O  4.28479  1.618454 ‐0.78492
H  4.217653  2.542946 ‐0.52069
 
isoprene 
C  ‐2.6378  ‐0.24489 ‐0.47375
H  ‐3.50844  ‐0.90097 ‐0.48609
A5-28 
 
S28 
C  ‐2.66981  0.932139  0.157134
H  ‐3.58603  1.241539  0.669361
H  ‐1.74651  ‐0.59572  ‐0.99761
C  ‐1.54483  1.8863  0.229241
C  ‐1.69389  3.040074  0.892111
H  ‐2.63567  3.292005  1.383847
H  ‐0.88173  3.765392  0.963515
C  ‐0.2551  1.515818  ‐0.45687
H  0.152473  0.581959  ‐0.04266
H  ‐0.41817  1.355035  ‐1.53262
H  0.495509  2.305591  ‐0.33471
 
TS1_isoprene 
739.9543i cm‐1 
C  ‐2.67527  ‐0.30714  ‐0.29373
H  ‐3.6296  ‐0.83065  ‐0.35966
O  ‐1.95991  ‐1.41754  0.993812
O  ‐0.96676  ‐0.92761  1.568197
C  ‐2.655  0.993264  0.232748
H  ‐3.50879  1.333526  0.82231
H  ‐1.95261  ‐0.5704  ‐1.0692
C  ‐1.50694  1.846384  0.181512
C  ‐1.51942  3.022469  0.867591
H  ‐2.38584  3.317547  1.461146
H  ‐0.66523  3.699686  0.851966
C  ‐0.30562  1.434454  ‐0.63885
H  0.11362  0.490822  ‐0.26594
H  ‐0.58156  1.293727  ‐1.69425
H  0.477563  2.200128  ‐0.59202
 
styrene 
C  ‐2.75115  ‐0.20553  ‐0.5597
H  ‐3.63317  ‐0.84412  ‐0.51144
C  ‐2.65618  0.888134  0.199021
H  ‐3.48905  1.142197  0.862029
H  ‐1.9675  ‐0.49994  ‐1.26029
C  ‐1.51916  1.835772  0.230275
C  ‐1.68444  3.076056  0.857048
C  ‐0.27507  1.537493  ‐0.34009
C  ‐0.64623  4.003668  0.898209
H  ‐2.6474  3.316662  1.313549
C  0.763973  2.460943  ‐0.30014
H  ‐0.11282  0.565722  ‐0.80891
C  0.582358  3.699272  0.31709
H  ‐0.79799 4.966439  1.388366
H  1.727249 2.210361  ‐0.74705
H  1.399627 4.420985  0.349759
 
 
TS1_styrene 
745.4297i cm‐1 
C  ‐2.65132 ‐0.33626  ‐0.37495
H  ‐3.60212 ‐0.86  ‐0.48153
O  ‐1.9278 ‐1.49404  0.833754
O  ‐0.76573 ‐1.16462  1.151355
C  ‐2.66797 0.941789  0.202643
H  ‐3.56236 1.248405  0.748546
H  ‐1.92534 ‐0.55289  ‐1.1616
C  ‐1.55165 1.851714  0.224067
C  ‐1.70651 3.11451  0.837314
C  ‐0.2967 1.536841  ‐0.33934
C  ‐0.66126 4.024843  0.8764
H  ‐2.6705 3.368816  1.283272
C  0.747919 2.450303  ‐0.29523
H  ‐0.13578 0.560476  ‐0.79585
C  0.572695 3.696629  0.309029
H  ‐0.8036 4.9953  1.353569
H  1.712674 2.186734  ‐0.73043
H  1.397056 4.409964  0.341451
 
acrylate 
C  ‐0.89891 ‐0.84541  ‐0.7814
H  ‐1.7224 ‐1.4938  ‐1.08261
C  ‐1.12748 0.363614  ‐0.27381
H  ‐2.13036 0.76679  ‐0.13314
H  0.119725 ‐1.21475  ‐0.90749
C  ‐0.04023 1.287598  0.151585
O  ‐0.23729 2.392664  0.611168
O  1.192632 0.781609  ‐0.02146
C  2.26397 1.64535  0.378425
H  3.185842 1.094278  0.173648
H  2.227905 2.578425  ‐0.19749
H  2.176455 1.881666  1.44619
 
TS1_acrylate 
820.1729i cm‐1 
A5-29 
 
S29 
C  ‐0.74948  ‐0.97851 ‐0.69665
H  ‐1.5584  ‐1.5665 ‐1.13344
O  ‐0.51007  ‐1.99046 0.723466
O  0.469681  ‐1.63806 1.410634
C  ‐1.05909  0.316173 ‐0.2364
H  ‐2.07812  0.616795 ‐0.00165
H  0.235599  ‐1.12321 ‐1.1443
C  ‐0.01959  1.297995 0.103873
O  ‐0.2466  2.369629 0.631505
O  1.217343  0.893142 ‐0.23541
C  2.27019  1.798012 0.120597
H  3.198586  1.319081 ‐0.20168
H  2.125315  2.759495 ‐0.3876
H  2.268904  1.961131 1.205421
 
butenone 
C  ‐0.92872  ‐0.9104 ‐0.62232
H  ‐1.76714  ‐1.60508 ‐0.68702
C  ‐1.10809  0.356725 ‐0.24985
H  ‐2.09532  0.7483 0.004131
H  0.057864  ‐1.30329 ‐0.87738
C  ‐0.00432  1.360176 ‐0.14224
C  1.412735  0.933 ‐0.46441
H  1.728291  0.117793 0.201289
H  1.478909  0.568026 ‐1.49858
H  2.076918  1.792328 ‐0.33398
O  ‐0.26196  2.499041 0.202073
 
TS1_butenone 
819.1639i cm‐1 
C  ‐0.841  ‐1.0052 ‐0.64853
H  ‐1.71436  ‐1.58108 ‐0.95982
O  ‐0.48136  ‐1.99019 0.79092
O  0.644674  ‐1.74764 1.267777
C  ‐1.04876  0.318436 ‐0.21393
H  ‐2.03145  0.642195 0.129786
H  0.075269  ‐1.23082 ‐1.19966
C  0.020607  1.324236 ‐0.09519
C  1.425934  0.970454 ‐0.5343
H  1.792594  0.092035 0.014784
H  1.443036  0.733517 ‐1.60813
H  2.077355  1.828387 ‐0.3437
O  ‐0.25671  2.433388 0.341937
 
ether 
C  ‐0.90683  ‐0.51377 ‐0.67346
H  ‐1.77625  ‐1.15688 ‐0.78686
C  ‐1.08666  0.736116 ‐0.23834
H  0.067827  ‐0.92825 ‐0.92283
H  ‐2.07325  1.132823 0.006386
O  ‐0.13472  1.677026 ‐0.036
C  1.198613  1.291751 ‐0.31608
H  1.828209  2.161511 ‐0.10492
H  1.303213  1.001803 ‐1.37406
H  1.499677  0.447165 0.324451
 
TS1_ether 
617.2820i cm‐1 
C  ‐0.81538  ‐0.59682 ‐0.56448
H  ‐1.68198  ‐1.20917 ‐0.81638
O  ‐0.29682  ‐1.45396 0.922535
O  0.86662  ‐1.92916 0.773398
C  ‐1.10499  0.743605 ‐0.2648
H  0.094128  ‐0.83812 ‐1.11867
H  ‐2.10544  1.085857 ‐0.00682
O  ‐0.18581  1.702577 ‐0.10222
C  1.181095  1.363827 ‐0.33958
H  1.765015  2.243492 ‐0.05523
H  1.338205  1.144219 ‐1.40638
H  1.475358  0.497384 0.26937
 
ch1 
C  0.651426  0.147853 ‐0.96754
C  ‐0.54989  0.451078 ‐0.10365
C  ‐0.63321  1.521455 0.690883
C  0.442962  2.578072 0.779165
H  ‐0.02216  3.575486 0.786186
H  0.96909  2.482179 1.744814
C  1.861261  0.99815 ‐0.56458
H  2.657931  0.911367 ‐1.31706
H  2.27066  0.617821 0.385836
C  1.441779  2.45929 ‐0.37636
H  0.966488  2.817915 ‐1.30428
H  2.316434  3.099578 ‐0.19297
H  ‐1.52498  1.65808 1.308983
H  0.395747  0.33228 ‐2.02537
H  0.893002  ‐0.92353 ‐0.89743
A5-30 
 
S30 
H  ‐1.38366  ‐0.25579  ‐0.13523
TS1_ch1 
695.3347i cm‐1 
C  0.695363  0.124928  ‐0.94077
C  ‐0.51789  0.397895  ‐0.10729
O  ‐1.60901  2.629319  ‐0.76011
O  ‐2.7262  2.14436  ‐1.07017
C  ‐0.74583  1.652513  0.495502
C  0.419485  2.58879  0.729939
H  0.039654  3.618196  0.799524
H  0.872911  2.345091  1.70442
C  1.893042  0.996658  ‐0.53948
H  2.691819  0.902543  ‐1.28819
H  2.303975  0.635013  0.417173
C  1.463125  2.458233  ‐0.38326
H  1.027062  2.817509  ‐1.3296
H  2.329022  3.097795  ‐0.16242
H  ‐1.55529  1.6946  1.23021
H  0.435702  0.32726  ‐1.99825
H  0.948446  ‐0.94461  ‐0.89639
H  ‐1.33381  ‐0.32595  ‐0.1189
 
ch2 
C  0.695363  0.124928  ‐0.94077
C  ‐0.51789  0.397895  ‐0.10729
O  ‐1.60901  2.629319  ‐0.76011
O  ‐2.7262  2.14436  ‐1.07017
C  ‐0.74583  1.652513  0.495502
C  0.419485  2.58879  0.729939
H  0.039654  3.618196  0.799524
H  0.872911  2.345091  1.70442
C  1.893042  0.996658  ‐0.53948
H  2.691819  0.902543  ‐1.28819
H  2.303975  0.635013  0.417173
C  1.463125  2.458233  ‐0.38326
H  1.027062  2.817509  ‐1.3296
H  2.329022  3.097795  ‐0.16242
H  ‐1.55529  1.6946  1.23021
H  0.435702  0.32726  ‐1.99825
H  0.948446  ‐0.94461  ‐0.89639
H  ‐1.33381  ‐0.32595  ‐0.1189
 
TS1_ch2 
628.1241i cm‐1 
C  0.632277 0.173819  ‐0.98644
C  ‐0.53771 0.383138  ‐0.068
O  ‐1.60489 2.656131  ‐0.64701
O  ‐2.5333 2.055015  ‐1.25013
C  ‐0.72475 1.63377  0.562713
C  0.448791 2.562012  0.784208
H  0.069555 3.587884  0.899292
H  0.936322 2.2901  1.734476
C  1.856981 1.015283  ‐0.60625
H  2.617119 0.946266  ‐1.39695
H  2.309813 0.60811  0.312599
C  1.45118 2.471939  ‐0.36902
H  0.985416 2.87771  ‐1.28157
H  2.331879 3.091945  ‐0.15056
H  ‐1.50654 1.663411  1.329626
H  0.305019 0.447537  ‐2.00955
H  0.882695 ‐0.89741  ‐1.02838
C  ‐1.63853 ‐0.62497  ‐0.09002
H  ‐2.3901 ‐0.42955  0.685086
H  ‐2.15664 ‐0.58551  ‐1.06465
H  ‐1.24888 ‐1.64678  0.035227
 
ch3 
C  0.689132 0.168977  ‐0.99084
C  ‐0.52687 0.458449  ‐0.13915
C  ‐0.64004 1.512404  0.673087
C  0.429004 2.568766  0.818619
H  ‐0.04024 3.563122  0.864095
H  0.947248 2.43259  1.783695
C  1.874727 1.051891  ‐0.56472
H  2.668206 0.999873  ‐1.32587
H  2.300084 0.658164  0.372947
C  1.436751 2.501381  ‐0.33227
H  0.967551 2.897345  ‐1.24691
H  2.306424 3.139042  ‐0.11884
H  ‐1.55116 1.63247  1.265995
H  0.966841 ‐0.88554  ‐0.82644
H  ‐1.35849 ‐0.24948  ‐0.2142
C  0.35336 0.326583  ‐2.48326
H  1.205272 0.027302  ‐3.11066
H  ‐0.51035 ‐0.29354  ‐2.76201
H  0.099994 1.36995  ‐2.71915
 
TS1_ch3 
A5-31 
 
S31 
687.4620i cm‐1 
C  0.705871  0.149804 ‐0.96141
C  ‐0.49592  0.396351 ‐0.09803
O  ‐1.58615  2.635107 ‐0.73985
O  ‐2.6245  2.092019 ‐1.19487
C  ‐0.74449  1.641152 0.517228
C  0.408494  2.583888 0.780854
H  0.016534  3.605875 0.884742
H  0.867421  2.313479 1.745672
C  1.886855  1.050248 ‐0.5556
H  2.670582  0.992237 ‐1.32565
H  2.327192  0.669421 0.380391
C  1.448134  2.502377 ‐0.34043
H  1.011825  2.909605 ‐1.26575
H  2.315175  3.131228 ‐0.09474
H  ‐1.56307  1.664934 1.242807
H  1.004961  ‐0.9044 ‐0.84359
H  ‐1.3053  ‐0.33568 ‐0.12875
C  0.310435  0.351114 ‐2.44271
H  1.15889  0.111821 ‐3.09959
H  ‐0.53357  ‐0.29625 ‐2.71676
H  0.002873  1.389101 ‐2.63015
 
ch4 
C  0.694576  0.127273 ‐0.97311
C  ‐0.52486  0.446389 ‐0.13541
C  ‐0.63443  1.523655 0.646213
C  0.429576  2.590826 0.746361
H  ‐0.04357  3.584286 0.723365
H  0.929045  2.515153 1.727616
C  1.881906  0.995309 ‐0.5378
H  2.704179  0.895488 ‐1.26247
H  2.257204  0.618067 0.42977
C  1.460337  2.458141 ‐0.37901
H  1.012634  2.807009 ‐1.32405
H  2.330808  3.098944 ‐0.17844
H  ‐1.53888  1.65643 1.246576
H  0.457824  0.365456 ‐2.02635
H  ‐1.34899  ‐0.27384 ‐0.17296
C  1.032792  ‐1.36583 ‐0.89183
H  0.195605  ‐1.98644 ‐1.24195
H  1.913032  ‐1.60339 ‐1.50632
H  1.254493  ‐1.65212 0.146998
 
TS1_ch4 
700.1098i cm‐1 
C  0.694936  0.114005 ‐0.92913
C  ‐0.5129  0.404208 ‐0.08811
O  ‐1.60834  2.622357 ‐0.77733
O  ‐2.72543  2.133967 ‐1.08093
C  ‐0.74782  1.665593 0.496979
C  0.412936  2.60881 0.724823
H  0.030571  3.638461 0.7743
H  0.858616  2.381652 1.7068
C  1.884494  0.994981 ‐0.51742
H  2.692995  0.886288 ‐1.25547
H  2.279328  0.630463 0.44691
C  1.465274  2.460359 ‐0.37731
H  1.041513  2.815123 ‐1.33081
H  2.334506  3.094714 ‐0.15444
H  ‐1.56049  1.71409 1.227786
H  0.425136  0.384789 ‐1.97065
H  ‐1.32184  ‐0.32978 ‐0.08273
C  1.050807  ‐1.37665 ‐0.90768
H  0.205545  ‐1.99481 ‐1.24074
H  1.904782  ‐1.58203 ‐1.56795
H  1.323452  ‐1.69211 0.110017
 
ch5 
C  0.666881  0.180883 ‐1.00377
C  ‐0.52751  0.418399 ‐0.09326
C  ‐0.59927  1.473932 0.726275
C  0.451185  2.552815 0.831747
H  ‐0.03743  3.537942 0.878977
H  0.993428  2.43775 1.786653
C  1.864592  1.049247 ‐0.58611
H  2.646762  0.996975 ‐1.3589
H  2.298748  0.644148 0.342704
C  1.437506  2.497637 ‐0.33685
H  0.955923  2.902684 ‐1.24073
H  2.31209  3.13136 ‐0.13154
H  ‐1.4757  1.570179 1.375818
H  0.953571  ‐0.87942 ‐0.89132
C  ‐1.62824  ‐0.61219 ‐0.15387
H  ‐2.42367  ‐0.39095 0.569193
H  ‐2.08368  ‐0.65296 ‐1.15472
H  ‐1.23446  ‐1.6176 0.061545
C  0.295027  0.397466 ‐2.4816
H  1.155863  0.184506 ‐3.13167
H  ‐0.5289  ‐0.25865 ‐2.79307
A5-32 
 
S32 
H  ‐0.02114  1.435309  ‐2.65863
 
TS1_ch5 
616.7325i cm‐1 
C  0.681698  0.165957  ‐0.97781
C  ‐0.51167  0.377028  ‐0.08063
O  ‐1.59802  2.645686  ‐0.6805
O  ‐2.52729  2.047236  ‐1.2861
C  ‐0.73389  1.626934  0.542125
C  0.419155  2.570876  0.797998
H  0.022916  3.589616  0.917814
H  0.891993  2.293372  1.754155
C  1.871492  1.054995  ‐0.57463
H  2.645157  1.001262  ‐1.35526
H  2.321127  0.660365  0.351323
C  1.443193  2.505534  ‐0.33666
H  0.995252  2.926248  ‐1.25024
H  2.315487  3.128084  ‐0.09328
H  ‐1.5351  1.642676  1.289443
H  0.984385  ‐0.89089  ‐0.88642
C  ‐1.60611  ‐0.64062  ‐0.10706
H  ‐2.23227  ‐0.5882  0.793572
H  ‐2.27159  ‐0.44812  ‐0.96789
H  ‐1.20754  ‐1.66049  ‐0.20857
C  0.269966  0.397985  ‐2.44956
H  1.114837  0.182413  ‐3.11898
H  ‐0.56866  ‐0.25169  ‐2.73476
H  ‐0.04816  1.436886  ‐2.61147
 
ch6 
C  0.682028  0.101945  ‐0.93433
C  ‐0.5463  0.420674  ‐0.09296
C  ‐0.6244  1.522767  0.663166
C  0.444999  2.58482  0.747311
H  ‐0.02667  3.579245  0.742579
H  0.973405  2.503372  1.713136
C  1.86873  0.995698  ‐0.55194
H  2.666798  0.88679  ‐1.30214
H  2.281424  0.640176  0.408795
C  1.443183  2.455721  ‐0.40476
H  0.965159  2.789316  ‐1.3405
H  2.31431  3.104991  ‐0.23585
H  ‐1.53297  1.684063  1.25283
H  0.416309  0.308686  ‐1.98872
C  1.079779 ‐1.37792  ‐0.83672
H  0.308598 ‐2.04454  ‐1.24513
H  2.009269 ‐1.55868  ‐1.39535
H  1.255443 ‐1.6604  0.212653
C  ‐1.69194 ‐0.55918  ‐0.17049
H  ‐1.96556 ‐0.75614  ‐1.21935
H  ‐1.42595 ‐1.5275  0.278969
H  ‐2.57823 ‐0.17339  0.348777
 
TS1_ch6 
631.2369i cm‐1 
C  0.660216 0.115882  ‐0.90294
C  ‐0.54589 0.38756  ‐0.03619
O  ‐1.57186 2.62099  ‐0.81128
O  ‐2.4737 1.984265  ‐1.41749
C  ‐0.75308 1.677109  0.505437
C  0.405578 2.620831  0.729222
H  0.020596 3.650422  0.765438
H  0.846466 2.405628  1.716105
C  1.857883 0.991938  ‐0.50308
H  2.657318 0.87114  ‐1.24933
H  2.259951 0.626188  0.45802
C  1.460364 2.461741  ‐0.36687
H  1.044479 2.820953  ‐1.32179
H  2.337621 3.083914  ‐0.14073
H  ‐1.57294 1.755341  1.227757
H  0.361664 0.4094  ‐1.9318
C  1.052816 ‐1.36633  ‐0.93442
H  0.257522 ‐1.99717  ‐1.35246
H  1.951059 ‐1.5055  ‐1.55176
H  1.280535 ‐1.72782  0.079902
C  ‐1.66577 ‐0.60251  ‐0.02588
H  ‐2.03656 ‐0.76148  ‐1.05371
H  ‐1.3424 ‐1.5816  0.360315
H  ‐2.50968 ‐0.24669  0.577224
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10.6 Appendix 6 for Paper 5 
 
Visible Light-Driven Copper(II) Catalysed Aerobic Oxidative 
Cleavage of Carbon-Carbon Bonds 
 
1. Theoretical details 
Density functional theory studies were carried out with Gaussian 091 suite of programs. 
Geometries of gas phase minimum and transition state electronic structures were optimised using 
the Minnesota meta hybrid functional M11-L2 with Stuttgart-Dresden effective core potential 
SDD3, 4 for Cu and Pople’s basis set 6-31+G(d,p)5, 6 for rest of the atoms. Frequency calculations 
were carried out at that level to ensure convergence (all positive eigenvalues for minima and 
single negative for saddle points). Thermochemical corrections and zero point vibrational 
energies, as well as the infrared, were determined at the gas phase M11-L/6-31+G(d,p)+SDD 
level using the unscaled frequencies. Improved electronic single point energies with the SMD 
model7 (MeCN parameters) on gas phase optimized structures were carried out with same 
functional M11-L and larger basis sets: Weigend and Aldrich’s8, 9 QZVP (Cu) and def2-TZVPP 
(all other atoms). The single point energies together with thermal and vibrational corrections 
based on gas-phase vibrations constitute either free energy, ΔG, or enthalpy, ΔH, as reported 
throughout the manuscript. 
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2. Table of energies: minimum and transition state structures 
α-methylstyrene (1a) M11-L 6-31+G(d,p)+SDD 
M11-L 
def2TZVPP+QZVP/SMD Gcorrection Hcorrection ZPE 
cpx1 -1947.480236 -4834.218505 0.1625 0.240633 0.217551 
TS1 -1947.469354 -4834.208373 0.163353 0.238813 0.216646 
TS1' -1947.448676 -4834.185932 0.161994 0.238913 0.21638 
int1 -1947.48565 -4834.220567 0.165554 0.240225 0.218144 
TS2 -1947.471335 -4834.197844 0.164895 0.238821 0.216967 
int2 -1947.499245 -4834.229978 0.163552 0.240493 0.21795 
TS3 -1947.489906 -4834.220171 0.162931 0.239242 0.217128 
TS3' -1947.462141 -4834.1939 0.157603 0.237794 0.214362 
int3 -1947.566914 -4834.28576 0.165632 0.242069 0.219643 
TS4 -1947.549714 -4834.265975 0.161685 0.239243 0.216401 
pdt -1157.070197 -2600.528655 0.118353 0.182777 0.165673 
(MeCN)2CuCl -923.2425602 -2366.597706 0.047456 0.106198 0.092369 
α-chlorostyrene (3f)      
cpx1 -2367.711864 -5254.476276 0.125246 0.203563 0.180842 
TS1 -2367.699771 -5254.462702 0.127091 0.201908 0.180104 
TS1' -2367.677778 -5254.440643 0.122658 0.201522 0.178932 
int1 -2367.722474 -5254.48172 0.12709 0.203259 0.181307 
TS2 -2367.707338 -5254.462841 0.127704 0.201879 0.180209 
int2 -2367.742066 -5254.502434 0.125515 0.203481 0.180983 
TS3 -2367.74162 -5254.512343 0.126488 0.202869 0.180753 
TS3' -2367.732641 -5254.497563 0.126166 0.202181 0.180276 
pdt -2367.77956 -5254.534291 0.123046 0.204883 0.181207 
tolane (5a)      
cpx1 -2137.926211 -5024.769912 0.183004 0.272896 0.246116 
TS1 -2137.907676 -5024.745644 0.185636 0.271142 0.245422 
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int1 -2137.952385 -5024.784606 0.187221 0.273048 0.24727 
TS2 -2137.944902 -5024.773311 0.185685 0.271576 0.246017 
int2 -2137.98573 -5024.815233 0.187654 0.273098 0.247199 
TS3 -2137.984624 -5024.814781 0.187262 0.272021 0.246653 
pdt -1347.567508 -2791.131599 0.152228 0.217756 0.200075 
phenylacetaldehyde (7a)      
cpx1 -2022.6885 -4909.470392 0.167193 0.24629 0.222359 
TS1 -2022.670761 -4909.448353 0.16303 0.240812 0.217347 
int1 -2022.705542 -4909.482723 0.164197 0.245793 0.221586 
TS2 -2022.690303 -4909.464077 0.162247 0.243754 0.21933 
int2 -2022.741763 -4909.498992 0.163968 0.246464 0.221804 
TS3 -2022.73988 -4909.502853 0.164209 0.245497 0.221263 
int3 -2022.781411 -4909.544002 0.164319 0.246555 0.222077 
TS4 -2022.74336 -4909.495949 0.158645 0.24192 0.216438 
Pdt -1232.304235 -2675.81057 0.122856 0.190906 0.173071 
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3. Gaussian archive files 
[(MeCN)CuCl2]2  
 1\1\GINC-CN578\FOpt\UM11L\GenECP/Auto\C4H6Cl4Cu2N2(3)\HNAN_JZY\25-May- 
 2016\0\\# m11l/genecp/auto opt=(maxcyc=200) freq=noraman # int=ultrafi 
 ne iop(5/13=1,2/11=1) scf=(maxcyc=200,novaracc)\\CuCl2(CNMe) dimer (tr 
 iplet)\\0,3\Cu,-0.010401033,0.,0.751271078\Cl,-2.2489753888,0.,0.26683 
 28359\Cl,-0.6521549857,0.,2.9349767514\Cu,-2.8907595395,0.,2.451121127 
 8\Cl,-3.5267985677,0.,4.5211242394\Cl,0.6259792558,0.,-1.3189760693\N, 
 -4.7723285988,0.,1.8524472172\N,1.8724756814,0.,1.3468362709\C,-5.9004 
 184602,0.,1.6493264917\C,3.003551289,0.,1.5328749869\C,-7.3126183132,0 
 .,1.4116270158\H,-7.5183473606,0.,0.3338122113\H,-7.7643936661,0.89210 
 22389,1.864090431\H,-7.7643936661,-0.8921022389,1.864090431\C,4.419296 
 4399,0.,1.7480466269\H,4.9410204906,0.,0.7822692346\H,4.7136337081,-0. 
 8925368093,2.3146135594\H,4.7136337081,0.8925368093,2.3146135594\\Vers 
 ion=ES64L-G09RevE.01\State=3-A'\HF=-2501.3930544\S2=2.008221\S2-1=0.\S 
 2A=2.000043\RMSD=6.868e-09\RMSF=1.497e-05\Dipole=0.002825,0.,-0.023371 
 3\Quadrupole=58.6617213,-16.2241405,-42.4375809,0.,15.6130447,0.\PG=CS 
  [SG(C4H2Cl4Cu2N2),X(H4)]\\@ 
 
(MeCN)2CuCl 
 1\1\GINC-R258\FOpt\RM11L\GenECP/Auto\C4H6Cl1Cu1N2\ROOT\22-Jun-2016\0\\ 
 # m11l/genecp/auto opt=(maxcyc=200) freq=noraman # int=ultrafine iop(5 
 /13=1,2/11=1) scf=(maxcyc=200,novaracc)\\Cu(I) (singlet, closed-shell) 
 \\0,1\Cl,0.225443913,-0.8686025692,-0.4976763504\Cu,0.1141853119,-0.52 
 91504388,1.648301254\N,-1.5731389887,-0.8206694319,2.4016762919\N,1.72 
 21953555,0.0094440615,2.4388548533\C,-2.6849568891,-1.064625456,2.5848 
 30163\C,2.8129895466,0.3201337901,2.6458198649\C,-4.0716460687,-1.3743 
 365798,2.776902069\H,-4.3410126646,-1.3305556928,3.8409181106\H,-4.287 
 2670766,-2.3831894826,2.3994039932\H,-4.6958230916,-0.6581415177,2.225 
 4670159\C,4.1768145537,0.7028889435,2.8676579826\H,4.3987509668,1.6317 
 767574,2.3249686156\H,4.8519657288,-0.0819371849,2.5002227195\H,4.3714 
 994028,0.8639648011,3.9366534168\\Version=ES64L-G09RevE.01\State=1-A\H 
 F=-923.2425602\RMSD=5.257e-09\RMSF=2.854e-06\Dipole=-0.1657621,0.51163 
 18,3.1688543\Quadrupole=26.0356954,-7.7776445,-18.2580509,9.1095735,0. 
 8267477,-1.2231322\PG=C01 [X(C4H6Cl1Cu1N2)]\\@ 
 
CuCl3 
 1\1\GINC-CN578\FOpt\UM11L\GenECP/Auto\C4H6Cl4Cu2N2(3)\HNAN_JZY\25-May- 
 2016\0\\# m11l/genecp/auto opt=(maxcyc=200) freq=noraman # int=ultrafi 
 ne iop(5/13=1,2/11=1) scf=(maxcyc=200,novaracc)\\CuCl2(CNMe) dimer (tr 
 iplet)\\0,3\Cu,-0.010401033,0.,0.751271078\Cl,-2.2489753888,0.,0.26683 
 28359\Cl,-0.6521549857,0.,2.9349767514\Cu,-2.8907595395,0.,2.451121127 
 8\Cl,-3.5267985677,0.,4.5211242394\Cl,0.6259792558,0.,-1.3189760693\N, 
 -4.7723285988,0.,1.8524472172\N,1.8724756814,0.,1.3468362709\C,-5.9004 
 184602,0.,1.6493264917\C,3.003551289,0.,1.5328749869\C,-7.3126183132,0 
 .,1.4116270158\H,-7.5183473606,0.,0.3338122113\H,-7.7643936661,0.89210 
 22389,1.864090431\H,-7.7643936661,-0.8921022389,1.864090431\C,4.419296 
 4399,0.,1.7480466269\H,4.9410204906,0.,0.7822692346\H,4.7136337081,-0. 
 8925368093,2.3146135594\H,4.7136337081,0.8925368093,2.3146135594\\Vers 
 ion=ES64L-G09RevE.01\State=3-A'\HF=-2501.3930544\S2=2.008221\S2-1=0.\S 
 2A=2.000043\RMSD=6.868e-09\RMSF=1.497e-05\Dipole=0.002825,0.,-0.023371 
 3\Quadrupole=58.6617213,-16.2241405,-42.4375809,0.,15.6130447,0.\PG=CS 
  [SG(C4H2Cl4Cu2N2),X(H4)]\\@ 
 
 
CuCl3-LiCl 
 1\1\GINC-R197\FOpt\RM11L\GenECP/Auto\Cl4Cu1Li1\ROOT\26-Jul-2016\0\\# m 
 11l/genecp/auto opt=(maxcyc=200) freq=noraman # int=ultrafine iop(5/13 
 =1,2/11=1) scf=(maxcyc=200,novaracc)\\Cu(III) (singlet, closed-shell)\ 
 \0,1\Cl,0.017,1.4401418376,-1.4329656566\Cl,-1.8157381846,-1.213379925 
 9,-1.093106651\Cu,0.017,-0.2361770607,-0.2055178337\Cl,1.8497381846,-1 
 .2133799259,-1.093106651\Cl,0.017,-1.6077063311,1.4331100501\Li,0.017, 
 -2.7681800788,-0.7429721984\\Version=ES64L-G09RevE.01\State=1-A'\HF=-2 
 045.8644188\RMSD=5.261e-09\RMSF=1.024e-05\Dipole=0.,-1.6854595,0.10032 
 39\Quadrupole=-6.5982522,9.8357136,-3.2374614,0.,0.,3.8157342\PG=CS [S 
 G(Cl2Cu1Li1),X(Cl2)]\\@ 
 
 
(MeCN)2CuCl(O2) 
 1\1\GINC-R109\FOpt\UM11L\GenECP/Auto\C4H6Cl1Cu1N2O2(3)\ROOT\21-Jul-201 
 6\0\\# um11l/genecp/auto opt=(maxcyc=200) freq=noraman # int=ultrafine 
  iop(5/13=1,2/11=1) scf=(maxcyc=200,novaracc)\\Cu(II)O2(Cl+L2) complex 
  (triplet)\\0,3\Cu,1.9896219793,1.4888161505,-1.6158010484\Cl,0.142690 
 2585,1.3820179251,-0.4722517923\O,3.4892106896,0.6209595368,-2.4388918 
 901\O,2.9415628601,-0.2115247481,-1.6373626188\N,1.7916073726,3.215994 
A6-5 
 
 0205,-2.4780334204\C,1.4795191874,4.2714011856,-2.8016221999\C,1.08335 
 92394,5.5898457572,-3.1975812674\H,1.785793449,6.3302857229,-2.7940655 
 187\H,0.077883759,5.8054902676,-2.8133714948\H,1.0718531529,5.66965965 
 74,-4.2920367213\N,3.5490010171,2.4096057063,0.0996620908\C,3.06799094 
 64,2.0371298256,1.0831743437\C,2.4196699398,1.5563122253,2.2695292681\ 
 H,2.3785652913,2.3439308119,3.0328359878\H,2.9565008716,0.6896769275,2 
 .6763347019\H,1.395169986,1.258399028,1.9964815798\\Version=ES64L-G09R 
 evE.01\State=3-A\HF=-1073.5028159\S2=2.013774\S2-1=0.\S2A=2.000112\RMS 
 D=7.458e-09\RMSF=2.746e-06\Dipole=0.0230472,2.6295111,-0.2006879\Quadr 
 upole=-15.3574685,6.1995848,9.1578836,-5.1878668,5.72563,-11.0103403\P 
 G=C01 [X(C4H6Cl1Cu1N2O2)]\\@ 
 
Side-on peroxo 
 1\1\GINC-R1302\FOpt\UM11L\GenECP/Auto\C4H6Cl2Cu2N2O2(3)\ROOT\30-Jun-20 
 16\0\\# m11l/genecp/auto opt=(maxcyc=200) freq=noraman # int=ultrafine 
  iop(5/13=1,2/11=1) scf=(maxcyc=200,novaracc)\\DioxoCu(II) starting co 
 mplex (triplet)\\0,3\Cu,-0.7315640741,5.3527218755,-2.9970339059\O,-2. 
 0833611874,4.3952889574,-2.1058716494\O,-2.3815763059,4.4606488092,-3. 
 4875630342\Cu,-3.2789651359,5.8468657437,-2.5891548252\Cl,-3.772954223 
 9,7.0846685398,-0.9051578425\Cl,0.1662232657,6.3486613788,-4.675231997 
 1\N,-3.5586909788,6.9594656715,-4.1852031063\N,-0.0241068379,6.2416318 
 515,-1.3959161753\C,-3.0528512936,7.4882932155,-5.073540248\C,-0.25629 
 21487,6.9075705199,-0.4866179636\C,-2.4309654254,8.1527604861,-6.17676 
 29945\H,-2.2840093325,7.4415796139,-6.999568465\H,-1.442619584,8.51123 
 3871,-5.8576087415\H,-3.0498904908,8.9931202855,-6.5163671154\C,-0.560 
 5300578,7.7339010204,0.6397430376\H,-0.0212989289,8.6869631033,0.56968 
 59409\H,-0.2805643938,7.2238521703,1.5701004851\H,-1.6459828665,7.9187 
 728867,0.6370686004\\Version=ES64L-G09RevE.01\State=3-A\HF=-1731.33232 
 59\S2=2.013103\S2-1=0.\S2A=2.000106\RMSD=8.293e-09\RMSF=1.883e-06\Dipo 
 le=0.4000847,1.6043651,0.0217996\Quadrupole=-11.9011137,-1.0478368,12. 
 9489505,2.314381,17.2474203,-3.4196465\PG=C01 [X(C4H6Cl2Cu2N2O2)]\\@ 
 
Bis-μ-oxo 
 1\1\GINC-R3406\FOpt\RM11L\GenECP/Auto\C4H6Cl2Cu2N2O2\ROOT\04-Jul-2016\ 
 0\\# rm11l/genecp/auto opt=(maxcyc=200) freq=noraman # int=ultrafine i 
 op(5/13=1,2/11=1) scf=(maxcyc=200,novaracc)\\DioxoCu(II) starting comp 
 lex (triplet)\\0,1\Cu,-0.3514488514,-1.6103762966,0.2675121881\O,0.692 
 2998099,-0.1847390557,0.9240898971\O,-0.6810294032,0.1029561259,0.9294 
 513266\Cu,0.359057453,1.5359520018,0.2828278659\Cl,2.208877308,2.27422 
 05286,-0.4900691695\Cl,-2.2059806712,-2.3391945602,-0.503373722\N,-1.2 
 448684245,2.3738293081,-0.5085800187\N,1.2464646535,-2.4403383592,-0.5 
 432466978\C,-2.1884110244,1.8631847743,-0.9359790159\C,2.1874780114,-1 
 .9243975877,-0.9699180803\C,-3.3355668172,1.1744281981,-1.4397278288\H 
 ,-4.2482660381,1.548515387,-0.9588308422\H,-3.2184667884,0.0988831341, 
 -1.2104928747\H,-3.4163318746,1.3054554097,-2.5262276649\C,3.331540334 
 8,-1.229322061,-1.4720041675\H,3.4065629756,-1.3480365749,-2.560326735 
 1\H,4.2470023288,-1.6082297771,-1.0002110575\H,3.215159018,-0.15648659 
 54,-1.2300254028\\Version=ES64L-G09RevE.01\State=1-A\HF=-1731.2955734\ 
 RMSD=5.831e-09\RMSF=1.258e-05\Dipole=-0.003006,0.0048971,-0.9864876\Qu 
 adrupole=11.7306943,-13.6296812,1.8989869,-21.8110354,-0.1488432,-0.02 
 68438\PG=C01 [X(C4H6Cl2Cu2N2O2)]\\@ 
 
==1a== 
 
cpx1 
 1\1\GINC-R3397\FOpt\RM11L\GenECP/Auto\C11H13Cl2Cu2N1O2\ROOT\04-Jul-201 
 6\0\\# rm11l/genecp/auto opt=(maxcyc=200) freq=noraman # int=ultrafine 
  iop(5/13=1,2/11=1) scf=(maxcyc=200,novaracc)\\DioxoCu(II) + alpha-met 
 hylstyrene complex\\0,1\Cu,1.5662760551,-0.4711510804,0.1891656728\O,1 
 .2355369699,1.2084610225,0.5198968465\O,-0.0362675195,-0.361356062,-0. 
 432856101\Cu,-0.3891242172,1.3150716979,-0.148595033\Cl,-0.7330810468, 
 3.3617813595,0.3377941277\Cl,1.7752802179,-2.5645814312,-0.2995168182\ 
 N,3.2823655402,-0.3622609844,0.916898306\C,4.3345887337,-0.2825519617, 
 1.358436102\C,5.6517093214,-0.1854491053,1.9108632199\H,6.1339528456,- 
 1.1712471898,1.9058834228\H,5.5974705754,0.1839150505,2.9428430804\H,6 
 .254679197,0.512511415,1.3161758792\C,-2.7967009176,0.5362116356,-0.33 
 60096982\C,-2.0897663596,1.1286719126,-1.3559091461\H,-2.2802849416,2. 
 1787138674,-1.5886990992\H,-1.5857186297,0.5339077138,-2.1216145691\C, 
 -2.7614118199,-0.8948069751,-0.0782989451\C,-2.5996334208,-3.621165925 
 9,0.51175388\C,-2.1006566169,-1.7835332816,-0.9399218179\C,-3.35952468 
 35,-1.4190932057,1.0743244781\C,-3.2837529764,-2.7647544614,1.36338752 
 \C,-2.0117918343,-3.1274085268,-0.6388114948\H,-1.6381512924,-1.425113 
 0752,-1.8598631928\H,-3.8809944623,-0.7586249652,1.7715878054\H,-3.751 
 3943567,-3.1519795087,2.2725012362\H,-1.4571514873,-3.7917518119,-1.30 
 52081429\H,-2.5251704069,-4.6858060278,0.7509358073\C,-3.6062565015,1. 
 4111760271,0.5533906503\H,-3.5339491187,2.4612332752,0.2481965541\H,-3 
 .2721261025,1.3526409616,1.6008337481\H,-4.6635837441,1.1020806414,0.5 
 352457212\\Version=ES64L-G09RevE.01\State=1-A\HF=-1947.4802365\RMSD=7. 
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 213e-09\RMSF=2.136e-06\Dipole=1.1131317,-0.9312117,1.0262256\Quadrupol 
 e=32.8048682,-27.2758995,-5.5289687,4.2511871,11.1975432,-4.5996655\PG 
 =C01 [X(C11H13Cl2Cu2N1O2)]\\@ 
 
TS1 
 1\1\GINC-R304\FTS\RM11L\GenECP/Auto\C11H13Cl2Cu2N1O2\ROOT\11-Jul-2016\ 
 0\\# m11l/genecp/auto opt=(ts,calcfc,noeigen,maxcyc=200) scf=(maxcyc=2 
 00,novaracc) # freq=noraman int=ultrafine iop(5/13=1,2/11=1)\\TS for C 
 u-O-Cu oxo addition to alpha-methylstyrene conf. 2a\\0,1\Cu,-1.3173633 
 538,0.542351145,-0.1747084486\O,-1.8319989196,-1.1185461167,-0.0933247 
 106\O,0.2768534743,-0.1662871631,-0.1073584891\Cu,-0.2731417096,-1.712 
 6260468,0.5333778703\Cl,-0.8831865555,-3.6025489652,1.2599857321\Cl,-0 
 .5856052863,2.5917991334,-0.1920257114\N,-3.0983535004,1.1181021939,-0 
 .2949823177\C,-4.2022619725,1.4108689265,-0.3584948536\C,-5.5848021036 
 ,1.7745574389,-0.4355206736\H,-5.6941700128,2.8628958361,-0.3469511363 
 \H,-6.143147531,1.288266817,0.3745406864\H,-6.002093979,1.4491077158,- 
 1.3969862686\C,1.7056815167,-0.3133793339,1.2237502663\C,1.4973305711, 
 -1.7230155192,1.3661313792\H,1.2355240969,-2.0619040563,2.3741495859\H 
 ,2.1546566771,-2.4114056542,0.8279536348\C,2.6745724212,0.2223996795,0 
 .2726916034\C,4.4924721141,1.2425797594,-1.572178267\C,3.0430148575,-0 
 .522685344,-0.8518953721\C,3.2212193645,1.4948987008,0.4434882302\C,4. 
 13208896,1.9943927477,-0.4650856588\C,3.939330759,-0.0138972182,-1.767 
 2344957\H,2.588134081,-1.5004228063,-1.0304080894\H,2.9325813228,2.107 
 1560282,1.3014000125\H,4.557988107,2.9897513332,-0.3156478702\H,4.2063 
 690081,-0.6002248185,-2.6501028759\H,5.2061646433,1.6444796553,-2.2970 
 418797\C,1.1967934323,0.5587053083,2.3076377271\H,0.3535409762,0.07652 
 55252,2.8222767364\H,0.8725739672,1.539066687,1.9329150526\H,1.9916795 
 735,0.7081634111,3.0584186012\\Version=ES64L-G09RevE.01\State=1-A\HF=- 
 1947.4693543\RMSD=7.120e-09\RMSF=4.022e-06\Dipole=-0.7244219,2.1259756 
 ,-0.1732582\Quadrupole=32.8621074,-26.5085877,-6.3535197,-14.0193382,2 
 .22342,4.6006199\PG=C01 [X(C11H13Cl2Cu2N1O2)]\\@ 
 
TS1’ 
 1\1\GINC-R297\FTS\RM11L\GenECP/Auto\C11H13Cl2Cu2N1O2\ROOT\11-Jul-2016\ 
 0\\# m11l/genecp/auto opt=(ts,calcfc,noeigen,maxcyc=200) scf=(maxcyc=2 
 00,novaracc) # freq=noraman int=ultrafine iop(5/13=1,2/11=1)\\TS for C 
 u-O-Cu oxo addition to alpha-methylstyrene conf. 1a\\0,1\Cu,-1.2570961 
 174,-0.0430277211,-0.6627280082\O,-0.9123777319,-1.6885899582,-0.19183 
 16329\O,0.363688543,-0.1102060774,-1.3066470538\Cu,0.8333809442,-1.523 
 2773111,-0.362776321\Cl,1.3574110291,-3.3078638878,0.6439111501\Cl,-1. 
 5434178798,2.0108851005,-1.2646126722\N,-2.9941972394,-0.1313586366,0. 
 0634296973\C,-4.045114929,-0.2256092238,0.5062094138\C,-5.3605042859,- 
 0.3401993407,1.0597603175\H,-5.9316648933,-1.0987686618,0.5095293906\H 
 ,-5.8818913257,0.6229378948,0.9899086661\H,-5.297003696,-0.6402173568, 
 2.1134541064\C,2.2058038033,0.4500673115,-0.8010864317\C,2.872554069,- 
 0.7246296368,-0.4570842706\H,1.9078165301,1.1586222041,-0.0240830661\H 
 ,2.2110890203,0.843902588,-1.8187643325\C,3.4653553861,-1.5514922076,- 
 1.5179336496\C,2.9428677256,-1.5381828841,-2.8153482908\C,4.5558454486 
 ,-2.3802185203,-1.2531106605\C,3.5170187879,-2.2949427136,-3.815937342 
 4\H,2.0423244972,-0.9521063275,-3.0331754377\C,5.1280743099,-3.1368868 
 344,-2.2592725578\H,4.9733212232,-2.431032452,-0.2442490279\C,4.617142 
 1185,-3.0949176688,-3.5446735876\H,3.0872654637,-2.2749894995,-4.82131 
 52766\H,5.9858666604,-3.7757498139,-2.0311448127\H,5.0653201994,-3.701 
 8477178,-4.3360677796\C,3.3885996753,-0.8346674051,0.943635458\H,3.443 
 1019851,-1.8725170987,1.2966468803\H,4.4007793492,-0.394779245,1.00290 
 55721\H,2.7511452792,-0.2784309086,1.6465027901\\Version=ES64L-G09RevE 
 .01\State=1-A\HF=-1947.4486763\RMSD=4.753e-09\RMSF=5.249e-06\Dipole=-1 
 .4522962,0.4787683,0.8152472\Quadrupole=33.6775103,-27.1261717,-6.5513 
 387,0.3103253,-14.8067314,9.8716076\PG=C01 [X(C11H13Cl2Cu2N1O2)]\\@ 
 
int1 
 1\1\GINC-R158\FOpt\RM11L\GenECP/Auto\C11H13Cl2Cu2N1O2\ROOT\10-Jul-2016 
 \0\\# rm11l/genecp/auto opt=(maxcyc=200) scf=(maxcyc=200,novaracc) # f 
 req=noraman int=ultrafine iop(5/13=1,2/11=1)\\Cu(III),Cu(III)-oxo-styr 
 enyl complex conf. 2a (closed shell)\\0,1\Cu,-1.2320341746,0.735739424 
 4,-0.218827239\O,-1.9967140444,-0.784671119,-0.5854037864\O,0.30022587 
 17,-0.1900380777,-0.4017493387\Cu,-0.5143809249,-1.7792472613,-0.21168 
 53563\Cl,-1.2205371032,-3.7160415788,0.1411983368\Cl,-0.2786591332,2.6 
 478027316,0.1699044963\N,-2.9071437664,1.5022973745,-0.1380731082\C,-3 
 .9738085638,1.9112556516,-0.1028835356\C,-5.3117286316,2.4167290881,-0 
 .0575000435\H,-5.3990628528,3.178722154,0.7273583198\H,-6.0121582976,1 
 .5980481042,0.1514302285\H,-5.5697052969,2.8698356961,-1.0232097889\C, 
 1.3097463291,-0.4994945108,0.6160353648\C,1.2722936657,-2.0041977655,0 
 .4184195161\H,1.2906803488,-2.6365741109,1.3139104443\H,1.8788996576,- 
 2.3878304035,-0.4132167399\C,2.5767080595,0.1752362287,0.1927608029\C, 
 4.9341487428,1.36063141,-0.6971835309\C,2.9385697933,0.1145214983,-1.1 
 520550315\C,3.4118692271,0.8393603704,1.0838397127\C,4.5856146456,1.42 
 30480805,0.6419385638\C,4.1049641332,0.7067184646,-1.5947669122\H,2.27 
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 68025289,-0.391291306,-1.8618230673\H,3.145606346,0.9124887471,2.14200 
 04211\H,5.2336791676,1.9429396584,1.3530290954\H,4.3712870894,0.660762 
 9578,-2.6544123547\H,5.8602492695,1.827259952,-1.044694231\C,0.8111014 
 443,-0.1290499613,1.9874539456\H,-0.1663480303,-0.6112139465,2.1640971 
 241\H,0.6965334443,0.9583697734,2.0976869156\H,1.4913110553,-0.5028813 
 244,2.7671977762\\Version=ES64L-G09RevE.01\State=1-A\HF=-1947.4856504\ 
 RMSD=7.989e-09\RMSF=6.425e-05\Dipole=-1.2199005,2.2092504,0.3949896\Qu 
 adrupole=28.3413946,-23.6228982,-4.7184964,-20.6208987,-0.6116262,-0.2 
 344268\PG=C01 [X(C11H13Cl2Cu2N1O2)]\\@ 
 
TS2 
 1\1\GINC-R3155\FTS\RM11L\GenECP/Auto\C11H13Cl2Cu2N1O2\ROOT\19-Jul-2016 
 \0\\# m11l/genecp/auto opt=(ts,calcfc,noeigen,maxcyc=200) scf=(maxcyc= 
 200,novaracc) # freq=noraman int=ultrafine iop(5/13=1,2/11=1)\\TS for 
 isomerization from oxosty2a to oxosty2a-2\\0,1\Cu,1.3928730991,-0.4254 
 967088,-0.1428499279\O,1.9153620923,0.8688046474,0.8673631167\O,-0.211 
 8442952,0.3481764856,-0.1649376052\Cu,0.4042251993,1.9526438468,0.9171 
 779626\Cl,0.0749908693,3.9166338953,1.5545956038\Cl,0.7503270291,-2.16 
 94420067,-1.2819439308\N,3.1425489912,-1.0094765741,-0.2429188071\C,4. 
 2380170084,-1.3348196598,-0.2696863623\C,5.6101926823,-1.7404974945,-0 
 .2989551398\H,6.1056411599,-1.4519369009,0.6369231767\H,6.1231781212,- 
 1.2515675987,-1.1370348141\H,5.6787717298,-2.8284786114,-0.4255781831\ 
 C,-1.1654615442,0.0651468023,0.8436629448\C,-1.3756627021,1.454999224, 
 1.4161392268\H,-1.4517787311,1.5921680688,2.5042345235\H,-2.030402961, 
 2.1198112028,0.8368252456\C,-2.443570571,-0.4378235775,0.2228264998\C, 
 -4.8377120845,-1.2971366516,-0.8971903893\C,-2.5458056062,-0.612447824 
 3,-1.1503824393\C,-3.5532415952,-0.6798549201,1.0289690154\C,-4.745898 
 0812,-1.1033627576,0.4715155141\C,-3.73579486,-1.0550071616,-1.7016751 
 693\H,-1.6699764581,-0.4280817626,-1.7762490611\H,-3.489009811,-0.5304 
 73297,2.1133755974\H,-5.6114937375,-1.2901134703,1.1133656797\H,-3.803 
 5407752,-1.212721806,-2.7819827308\H,-5.7776968268,-1.6379792494,-1.34 
 04516167\C,-0.6163837148,-0.8977581893,1.8718629462\H,0.2966460982,-0. 
 4809861484,2.3296805263\H,-0.378016281,-1.8568377794,1.3854441657\H,-1 
 .3464994439,-1.0976350226,2.6700894318\\Version=ES64L-G09RevE.01\State 
 =1-A\HF=-1947.4713345\RMSD=6.710e-09\RMSF=2.691e-06\Dipole=1.8090182,- 
 1.771783,0.1138077\Quadrupole=33.017199,-24.5026752,-8.5145239,-11.883 
 1283,-5.71782,-6.8338537\PG=C01 [X(C11H13Cl2Cu2N1O2)]\\@ 
 
int2 
 1\1\GINC-R239\FOpt\RM11L\GenECP/Auto\C11H13Cl2Cu2N1O2\ROOT\13-Jul-2016 
 \0\\# rm11l/genecp/auto opt=(maxcyc=200) scf=(maxcyc=200,novaracc) # f 
 req=noraman int=ultrafine iop(5/13=1,2/11=1)\\Cu(III),Cu(III)-oxo-styr 
 enyl complex conf. 2a-2 (closed shell)\\0,1\Cu,1.304861582,-0.93511469 
 35,0.1916942435\O,1.325103427,0.6845158053,0.8179762016\O,-0.430544687 
 ,-1.0902476785,0.3161485425\Cu,0.6346191766,2.0104522569,0.0163883739\ 
 Cl,0.1844326331,3.8512882989,-0.8302513235\Cl,1.4041554745,-2.95391884 
 83,-0.5965290186\N,3.1629389765,-0.8565170979,0.0461264846\C,4.3017863 
 857,-0.8219215171,-0.0530467069\C,5.7268014463,-0.7908094673,-0.183862 
 4517\H,6.1925024411,-0.7998038009,0.8098348303\H,6.0361597187,0.120133 
 166,-0.7120176104\H,6.0684489654,-1.6685037397,-0.7474942424\C,-1.2524 
 080896,-0.0792488589,0.7060308069\C,-1.0986503693,1.1564287339,-0.1330 
 534146\H,-1.7696281646,1.9968332226,0.1028768494\H,-1.0659909483,0.950 
 0681449,-1.2169173954\C,-2.6558405392,-0.5117552365,0.2330546328\C,-5. 
 1759102339,-1.2665471572,-0.6728119237\C,-2.7839358858,-1.5045486835,- 
 0.7359252288\C,-3.7991626299,0.1155107535,0.7239178916\C,-5.0510577698 
 ,-0.2648535981,0.276202549\C,-4.0405120438,-1.882680513,-1.1737992841\ 
 H,-1.8846888882,-1.9978819381,-1.1129635936\H,-3.7181361707,0.90864382 
 14,1.4734210399\H,-5.9411230666,0.2314524148,0.6733719056\H,-4.1339109 
 742,-2.6781623466,-1.9189359771\H,-6.166793685,-1.5679268256,-1.024264 
 7495\C,-1.214750227,0.1654273352,2.2013073177\H,-0.1800946831,0.361851 
 8079,2.5048149261\H,-1.5796291845,-0.7273220507,2.7286887756\H,-1.8291 
 329863,1.0246752903,2.5099085494\\Version=ES64L-G09RevE.01\State=1-A\H 
 F=-1947.4992446\RMSD=2.266e-09\RMSF=3.106e-06\Dipole=2.1400588,-0.2297 
 818,0.3342701\Quadrupole=39.802994,-30.5383708,-9.2646232,-2.2444584,- 
 0.7609924,3.9240551\PG=C01 [X(C11H13Cl2Cu2N1O2)]\\@ 
 
TS3 
 1\1\GINC-R3267\FTS\RM11L\GenECP/Auto\C11H13Cl2Cu2N1O2\ROOT\14-Jul-2016 
 \0\\# m11l/genecp/auto opt=(ts,calcfc,noeigen,maxcyc=200) scf=(maxcyc= 
 200,novaracc) # freq=noraman int=ultrafine iop(5/13=1,2/11=1)\\TS O mi 
 gration to form dioxy intm: oxosty2a complex\\0,1\Cu,1.256913527,-0.96 
 53067505,-0.062507217\O,1.0476222833,0.2412903476,1.2038957906\O,-0.47 
 52547913,-1.0710876287,-0.277596342\Cu,0.8556002245,1.851106605,0.6692 
 23029\Cl,0.7489913855,3.8705007506,0.216394728\Cl,1.5670461201,-2.5525 
 890093,-1.4831166631\N,3.1059020513,-0.74348576,0.0689046365\C,4.24239 
 2779,-0.6155001348,0.0996178847\C,5.6643616472,-0.4592384739,0.1308315 
 906\H,6.134476082,-1.1911635942,-0.5384672985\H,6.0351896265,-0.613780 
 3364,1.1520414205\H,5.9346685978,0.553267535,-0.1954154344\C,-1.232396 
A6-8 
 
 2065,-0.5779015916,0.7521735298\C,-0.930295105,0.8803052879,0.94148990 
 83\H,-1.1609225609,1.3394931713,1.9154357752\H,-1.2458204575,1.4944547 
 576,0.0773088344\C,-2.6850428789,-0.5939108009,0.2672524223\C,-5.32675 
 41988,-0.5713726884,-0.6042401234\C,-2.9976586944,-1.0037607437,-1.023 
 0771096\C,-3.7032868536,-0.1590622626,1.1117881129\C,-5.016841486,-0.1 
 469875354,0.6769693388\C,-4.3155208165,-1.0008591499,-1.4476442561\H,- 
 2.1960307815,-1.3427601588,-1.6827902486\H,-3.473831812,0.1723740107,2 
 .1305717143\H,-5.8073163749,0.1978541575,1.3498259692\H,-4.5562960632, 
 -1.3410193456,-2.4591958718\H,-6.3652290945,-0.5668925219,-0.947063536 
 6\C,-1.0984065009,-1.4182391192,2.0102234138\H,-0.0583897893,-1.429656 
 6002,2.360885744\H,-1.413607024,-2.4463098889,1.7831473094\H,-1.726497 
 8345,-1.0441405282,2.8331649487\\Version=ES64L-G09RevE.01\State=1-A\HF 
 =-1947.4899058\RMSD=6.998e-09\RMSF=2.417e-06\Dipole=2.0718486,-0.73870 
 06,1.0497089\Quadrupole=39.2897259,-31.9320394,-7.3576865,-3.2453629,1 
 .2182952,-2.8840579\PG=C01 [X(C11H13Cl2Cu2N1O2)]\\@ 
 
TS3’ 
 1\1\GINC-R119\FTS\RM11L\GenECP/Auto\C11H13Cl2Cu2N1O2\ROOT\12-Aug-2016\ 
 0\\# m11l/genecp/auto opt=(ts,calcfc,noeigen,maxcyc=200) scf=(maxcyc=2 
 00,novaracc) # freq=noraman int=ultrafine iop(5/13=1,2/11=1)\\TS for 1 
 ,2-CH3 shift: from oxosty2b-2 cpx\\0,1\Cu,-1.7918364816,-0.4255570394, 
 0.0131788426\O,-1.2950446409,1.2351633847,-0.141994171\O,-0.1187160346 
 ,-1.0431479684,0.2434702601\Cu,0.2776779282,1.8649088923,-0.4440967618 
 \Cl,2.056921051,2.8422413123,-0.8889428678\Cl,-2.5666324123,-2.4417612 
 434,-0.3673567524\N,-3.5498827794,0.1840559908,0.3160392107\C,-4.62264 
 08627,0.5611876116,0.4426068031\C,-5.9659558498,1.0321603044,0.5997093 
 377\H,-6.6753409407,0.2274069412,0.367799471\H,-6.127578173,1.36417225 
 58,1.6331843622\H,-6.1472197709,1.8780486043,-0.0756690165\C,0.8391391 
 943,-0.7638510247,-0.5655514541\C,0.6262018652,0.0326640976,-1.7203653 
 636\H,1.4748801154,0.408532912,-2.2980865115\H,-0.374128198,0.08766802 
 01,-2.1608997973\C,2.1979651886,-0.7585476452,0.0530257034\C,4.6798436 
 658,-0.5864738694,1.2797832959\C,3.3582235512,-0.7675222164,-0.7114073 
 397\C,2.2861918022,-0.6708426681,1.4350799323\C,3.5264045419,-0.584152 
 6463,2.0436402263\C,4.5935032963,-0.6803468019,-0.1003929685\H,3.30641 
 17085,-0.8428900479,-1.8036337076\H,1.3675341028,-0.6615418263,2.02554 
 11949\H,3.5900438181,-0.5072100005,3.1325025198\H,5.5009876267,-0.6799 
 647948,-0.7098941638\H,5.6585137965,-0.5125633633,1.7619205176\C,0.802 
 3995708,-2.0125645751,-1.9344313342\H,1.4489460889,-2.7131646888,-1.39 
 05665344\H,1.2039756312,-1.8528752051,-2.9432322473\H,-0.2467883997,-2 
 .331232702,-1.9279606857\\Version=ES64L-G09RevE.01\State=1-A\HF=-1947. 
 4621413\RMSD=9.274e-09\RMSF=1.957e-06\Dipole=-2.009858,-0.0723545,0.02 
 63292\Quadrupole=28.5965848,-27.2476892,-1.3488956,-21.9275534,-5.0876 
 943,4.9101515\PG=C01 [X(C11H13Cl2Cu2N1O2)]\\@ 
 
int3 
 1\1\GINC-R197\FOpt\RM11L\GenECP/Auto\C11H13Cl2Cu2N1O2\ROOT\16-Jul-2016 
 \0\\# rm11l/genecp/auto opt=(cartesian,maxcyc=200) scf=(maxcyc=200,nov 
 aracc) # freq=noraman int=ultrafine iop(5/13=1,2/11=1)\\Cu(I),Cu(I)-di 
 oxo-styrenyl complex conf. 2a (closed shell)\\0,1\Cu,-0.4124804612,1.1 
 670077927,-0.0621618028\O,-0.5258923059,-0.61366412,0.3936819431\O,1.2 
 92591484,0.8985562488,-0.3207074119\Cu,-2.0571732991,-1.4926094513,0.0 
 163870947\Cl,-3.9324647803,-2.3115072754,-0.298993539\Cl,-0.1688560308 
 ,3.2758934815,-0.2288338128\N,-2.29414954,1.2872142116,-0.0432603813\C 
 ,-3.4409907746,1.2719121828,-0.0749488451\C,-4.8647965459,1.1770800053 
 ,-0.1142258988\H,-5.2961910761,1.6148846799,0.7947645818\H,-5.12658777 
 51,0.1068167301,-0.1764660231\H,-5.2519531238,1.7082334575,-0.99289354 
 83\C,1.7212905677,-0.1221266748,0.5213755083\C,0.7285575994,-1.2349062 
 462,0.2626659563\H,0.7669140489,-2.0729656238,0.9869682241\H,0.8704885 
 873,-1.6364894852,-0.760291169\C,3.1404625085,-0.4272441562,0.10025957 
 03\C,5.7804861614,-0.9208855167,-0.6255832261\C,3.9871254136,0.6257220 
 956,-0.2294631319\C,3.6237646122,-1.728900308,0.0537726507\C,4.9402850 
 836,-1.972687712,-0.3003104956\C,5.2997466908,0.3778752683,-0.58912310 
 24\H,3.5949792093,1.6466602482,-0.2166068955\H,2.9745132641,-2.5725920 
 962,0.3115194094\H,5.3137021704,-3.0007265915,-0.3202299383\H,5.957097 
 9025,1.2122281892,-0.8503745296\H,6.8182816875,-1.1161729148,-0.909797 
 1139\C,1.681693937,0.323367071,1.9728131526\H,0.6470118265,0.533710876 
 8,2.293282702\H,2.2711672547,1.2435353341,2.0938490475\H,2.0937477034, 
 -0.4502397011,2.6396580246\\Version=ES64L-G09RevE.01\State=1-A\HF=-194 
 7.5669144\RMSD=5.877e-09\RMSF=1.445e-05\Dipole=-0.4745896,0.2487627,0. 
 5056056\Quadrupole=16.0758911,-12.5230369,-3.5528542,-20.3679495,-1.03 
 95987,-0.6105704\PG=C01 [X(C11H13Cl2Cu2N1O2)]\\@ 
 
TS4 
 1\1\GINC-R3386\FTS\RM11L\GenECP/Auto\C11H13Cl2Cu2N1O2\ROOT\16-Jul-2016 
 \0\\# m11l/genecp/auto opt=(ts,calcfc,noeigen,maxcyc=200) scf=(maxcyc= 
 200,novaracc) # freq=noraman int=ultrafine iop(5/13=1,2/11=1)\\TS C-C 
 cleavage: dioxosty2b complex\\0,1\Cu,-0.2532134221,-1.5808951403,-0.31 
 25964296\O,-0.1543709623,0.2610980581,-1.6956212551\O,-1.9277702789,-1 
A6-9 
 
 .3238026478,-0.8487210762\Cu,1.2326614338,1.1997511066,-1.0430218131\C 
 l,2.9522499829,2.1267568165,-0.3615232876\Cl,-0.4998965234,-2.80109224 
 47,1.4630139943\N,1.6047715197,-1.5436709522,-0.3593444774\C,2.7325048 
 664,-1.4469547673,-0.1624444419\C,4.1274796868,-1.2580500653,0.0752876 
 081\H,4.3918057245,-1.6378493389,1.0705770455\H,4.3335260965,-0.176020 
 1773,0.0223143611\H,4.7178217445,-1.7853870508,-0.6846402454\C,-2.3524 
 082267,-0.1074280812,-0.6363058453\C,-1.3592406661,0.7191432679,-1.861 
 405569\H,-1.5313892077,1.7897884961,-1.615243054\H,-1.8536568527,0.392 
 1559768,-2.7971952857\C,-3.7920928195,0.1082239189,-0.9471374255\C,-6. 
 4651517945,0.4653632263,-1.6466043482\C,-4.4100485383,1.3471425056,-0. 
 7816238264\C,-4.5284658263,-0.9439881205,-1.4880690692\C,-5.8577340173 
 ,-0.7693013096,-1.8205119661\C,-5.7351746666,1.5252991898,-1.133233972 
 7\H,-3.8496825844,2.199171815,-0.3827991566\H,-4.0381177722,-1.9112285 
 228,-1.6226226724\H,-6.4311075069,-1.6078745914,-2.225694399\H,-6.2060 
 58196,2.5032513873,-1.0012702089\H,-7.5151250476,0.6048822505,-1.91884 
 18846\C,-1.8544648953,0.5350364119,0.6410907325\H,-0.7527393241,0.5909 
 002396,0.6671898766\H,-2.170533475,-0.1076641714,1.4786357694\H,-2.245 
 2043111,1.5486072746,0.7959969726\\Version=ES64L-G09RevE.01\State=1-A\ 
 HF=-1947.5497136\RMSD=4.610e-09\RMSF=1.461e-06\Dipole=-0.1486285,0.089 
 0548,-0.9959929\Quadrupole=20.120521,-12.4425635,-7.6779575,-19.444674 
 4,4.6483596,5.6890482\PG=C01 [X(C11H13Cl2Cu2N1O2)]\\@ 
 
pdt 
 1\1\GINC-R142\FOpt\RM11L\GenECP/Auto\C9H10Cl1Cu1O2\ROOT\31-Jul-2016\0\ 
 \# m11l/genecp/auto opt=(maxcyc=200) scf=(maxcyc=200,novaracc) # freq= 
 noraman int=ultrafine iop(5/13=1,2/11=1)\\CuCl-acetophenone-formaldehy 
 de C-C cleavaged product fragment\\0,1\O,-0.114846095,-1.7670031701,0. 
 5132135043\Cu,-1.5531417209,-0.9692842989,-0.2830019297\Cl,-3.19937938 
 65,-0.0951754699,-1.1901663739\C,1.8104144503,-0.4981097602,-0.0332486 
 173\C,3.2338170208,1.4057178121,-1.4818749894\C,3.1020710137,-0.131292 
 3025,0.3502246969\C,1.248984953,0.1013098485,-1.1612099441\C,1.9567988 
 641,1.0411207897,-1.8812806061\C,3.8053402671,0.8183274695,-0.36440131 
 09\H,3.5660926908,-0.58401999,1.2309685701\H,0.2404755487,-0.178736520 
 4,-1.4877574709\H,1.5058779401,1.4972622225,-2.7661737705\H,4.81163110 
 36,1.1036942118,-0.0473818651\H,3.7916631624,2.1554618727,-2.050315037 
 7\C,1.0608655745,-1.5046597522,0.7295673046\C,1.7443261475,-2.27042004 
 29,1.8096971628\H,2.0127218819,-1.6047620761,2.6448430201\H,2.67679484 
 92,-2.7363465431,1.4590242192\H,1.066034009,-3.0431891488,2.1860622762 
 \C,-1.5064774734,1.9335106904,1.1830827336\H,-2.3883840883,1.887705890 
 4,0.492990643\O,-0.7231109527,1.0403262468,1.2661713131\H,-1.393712170 
 1,2.8677666707,1.7985421018\\Version=ES64L-G09RevE.01\State=1-A\HF=-11 
 57.0701969\RMSD=5.112e-09\RMSF=1.104e-05\Dipole=2.9976218,0.4412301,1. 
 107037\Quadrupole=-6.2809303,5.4226598,0.8582705,-1.8372283,-4.9792403 
 ,-2.8272526\PG=C01 [X(C9H10Cl1Cu1O2)]\\@  
 
==3f== 
 
cpx1 
 1\1\GINC-R2491\FOpt\RM11L\GenECP/Auto\C10H10Cl3Cu2N1O2\ROOT\13-Jul-201 
 6\0\\# rm11l/genecp/auto opt=(maxcyc=200) scf=(maxcyc=200,novaracc) # 
 freq=noraman int=ultrafine iop(5/13=1,2/11=1)\\DioxoCu(II) + alpha-chl 
 orostyrene complex\\0,1\Cu,-1.6007732697,0.3114286862,-0.1709769205\O, 
 -1.3410041824,-1.3750813479,0.1879539135\O,0.063359779,0.1798480333,-0 
 .5985480584\Cu,0.3470232809,-1.5053079354,-0.2871997808\Cl,0.617672803 
 2,-3.5531423424,0.1926016258\Cl,-1.7247064614,2.4086414137,-0.67597815 
 99\N,-3.3915651326,0.2271968443,0.3459329391\C,-4.4908690861,0.1650479 
 657,0.6558063824\C,-5.8669772071,0.0908650881,1.0427660859\H,-6.330318 
 7564,1.0831000962,0.9703647308\H,-5.9453468373,-0.2692101059,2.0764439 
 208\H,-6.4022021787,-0.6044420489,0.3836117119\C,2.8168868507,-0.67516 
 78692,-0.2364473524\C,2.1953996331,-1.3380520518,-1.2648237037\H,2.453 
 9673372,-2.379203957,-1.4586447088\H,1.7495978975,-0.7569224626,-2.075 
 8696104\C,2.7305487591,0.7405863776,0.0471257291\C,2.3899441853,3.4457 
 898149,0.6107551182\C,2.1537112368,1.6035106422,-0.8978912823\C,3.1525 
 644578,1.2702512207,1.2715323695\C,2.9840467874,2.6088996725,1.5465187 
 928\C,1.9795276992,2.9412210549,-0.6094890859\H,1.8374209304,1.2302788 
 309,-1.8720849761\H,3.5945178737,0.6141083725,2.0239041968\H,3.3063620 
 495,3.007044718,2.5119206459\H,1.4954234549,3.5890931658,-1.3431078432 
 \H,2.2451873862,4.5052579193,0.8400783958\Cl,3.7322977297,-1.641085776 
 ,0.836914884\\Version=ES64L-G09RevE.01\State=1-A\HF=-2367.7118645\RMSD 
 =5.462e-09\RMSF=5.459e-06\Dipole=-1.6114387,1.3613086,0.6471067\Quadru 
 pole=33.0290996,-26.1615735,-6.8675262,4.7253573,-7.7696311,5.7985271\ 
 PG=C01 [X(C10H10Cl3Cu2N1O2)]\\@ 
 
TS1 
 1\1\GINC-R3480\FTS\RM11L\GenECP/Auto\C10H10Cl3Cu2N1O2\ROOT\14-Jul-2016 
 \0\\# m11l/genecp/auto opt=(ts,calcfc,noeigen,maxcyc=200) scf=(maxcyc= 
 200,novaracc) # freq=noraman int=ultrafine iop(5/13=1,2/11=1)\\TS for 
 Cu-O-Cu oxo addition to alpha-chlorostyrene conf. 2a\\0,1\Cu,-1.234793 
A6-10 
 
 674,-0.2199537005,-0.6061595481\O,-0.8724038328,-1.7603163128,0.119799 
 742\O,0.3679685358,-0.3875196227,-1.2720786779\Cu,0.8813481868,-1.6145 
 709037,-0.1193321433\Cl,1.5323573391,-3.0360062224,1.3093562755\Cl,-1. 
 5815982445,1.7214037287,-1.5036519872\N,-2.9451127606,-0.238313567,0.1 
 479239987\C,-3.9825382709,-0.3115068507,0.6236777988\C,-5.2806568234,- 
 0.4030949432,1.2201336148\H,-5.4369915732,0.4400447191,1.9050021903\H, 
 -5.37042037,-1.3426866434,1.779939927\H,-6.0522807042,-0.3737420122,0. 
 4402636817\C,2.1201134168,0.4566895772,-0.7834011885\C,2.6423828517,-0 
 .8302461347,-0.4587008888\H,3.1576730551,-0.9183158381,0.5015319553\H, 
 3.1179586669,-1.3703309821,-1.2808589477\C,1.7121112627,1.4256551348,0 
 .2275680381\C,0.8741272366,3.2022178949,2.194305261\C,1.5564920485,0.9 
 953721173,1.5511046368\C,1.4268211373,2.7511504424,-0.0941286456\C,1.0 
 181173748,3.6323409227,0.8864454168\C,1.1396157249,1.8807597374,2.5225 
 936555\H,1.742943169,-0.048184216,1.8294935752\H,1.5074610148,3.089413 
 0102,-1.1287563339\H,0.7919163504,4.6673516416,0.6195033473\H,1.018450 
 3341,1.5319587206,3.5510942212\H,0.5434765155,3.9016523657,2.967433950 
 1\Cl,2.3852926229,1.0209865567,-2.366027515\\Version=ES64L-G09RevE.01\ 
 State=1-A\HF=-2367.6997709\RMSD=5.448e-09\RMSF=2.109e-06\Dipole=-2.066 
 7089,1.6605549,1.2349469\Quadrupole=24.704868,-17.6604019,-7.0444661,8 
 .4464111,-14.1745195,9.3764732\PG=C01 [X(C10H10Cl3Cu2N1O2)]\\@ 
 
TS1’ 
 1\1\GINC-R2442\FTS\RM11L\GenECP/Auto\C10H10Cl3Cu2N1O2\ROOT\16-Jul-2016 
 \0\\# m11l/genecp/auto opt=(ts,calcfc,noeigen,maxcyc=200) scf=(maxcyc= 
 200,novaracc) # freq=noraman int=ultrafine iop(5/13=1,2/11=1)\\TS for 
 Cu-O-Cu oxo addition to alpha-chlorostyrene conf. 1b\\0,1\Cu,1.9406362 
 465,-0.4090478365,0.3202951645\O,1.2207947485,-0.5961557102,-1.2657918 
 724\O,0.6088056,-1.4301465465,0.7985570794\Cu,-0.3567626055,-1.0030626 
 579,-0.6086617882\Cl,-1.5765720612,-0.686680867,-2.2902557295\Cl,2.598 
 940375,-0.1145544115,2.3588302936\N,3.3486365449,0.6498098903,-0.35878 
 89842\C,4.1864782733,1.287543958,-0.8072690084\C,5.234978273,2.0869213 
 491,-1.3651519004\H,4.8184131776,2.7930651356,-2.0946361157\H,5.964681 
 3699,1.4427577171,-1.8720957072\H,5.7435641568,2.6465549823,-0.5698461 
 181\C,-1.0700596727,-1.154152429,1.8398936127\C,-2.0957282911,-0.88861 
 66251,0.9532177755\C,-2.5543335089,0.4607728911,0.6399344501\C,-3.8083 
 137279,0.7050518072,0.0824560944\C,-1.7027401916,1.5467386604,0.878244 
 425\C,-4.2099447419,1.9968410702,-0.1955708205\H,-4.4723969924,-0.1321 
 486429,-0.1407437212\C,-2.1104843627,2.8326560275,0.5947594714\H,-0.69 
 11484792,1.3859854653,1.2697641336\C,-3.3687250424,3.0658836392,0.0603 
 092959\H,-5.1980432531,2.1690758841,-0.6303768291\H,-1.4290040749,3.66 
 64459497,0.7832402306\H,-3.6874908672,4.0859051962,-0.1701736476\H,-0. 
 5889551534,-0.3530677459,2.4031449546\H,-0.9241241923,-2.1680956906,2. 
 2105380927\Cl,-3.1132609171,-2.2197803301,0.5272925683\\Version=ES64L- 
 G09RevE.01\State=1-A\HF=-2367.6777777\RMSD=4.752e-09\RMSF=3.948e-06\Di 
 pole=1.7145936,2.1712351,-0.1699\Quadrupole=21.6708401,-0.1576017,-21. 
 5132384,12.6997224,-17.4846644,-6.9982313\PG=C01 [X(C10H10Cl3Cu2N1O2)] 
 \\@ 
 
int1 
 1\1\GINC-R2509\FOpt\RM11L\GenECP/Auto\C10H10Cl3Cu2N1O2\ROOT\13-Jul-201 
 6\0\\# rm11l/genecp/auto opt=(maxcyc=200) scf=(maxcyc=200,novaracc) # 
 freq=noraman int=ultrafine iop(5/13=1,2/11=1)\\Cu(III),Cu(III)-oxo-chl 
 orostyrenyl complex conf. 2b (closed shell)\\0,1\Cu,-1.0540621186,-0.3 
 69234306,-0.6749912205\O,-0.5089734804,-1.8885827771,-0.0184180138\O,0 
 .6726674847,-0.190413899,-1.2134970272\Cu,1.2479449993,-1.4274542669,- 
 0.0351664398\Cl,2.159253695,-2.6533174807,1.392094383\Cl,-1.7837936972 
 ,1.4343606822,-1.6166770432\N,-2.7318904778,-0.7783422497,-0.066733874 
 2\C,-3.7589933904,-1.090712402,0.3240717259\C,-5.0441537712,-1.4837804 
 927,0.8143471859\H,-5.600471227,-0.6022853684,1.157401093\H,-4.9263039 
 167,-2.1871203297,1.6484945986\H,-5.611710571,-1.9725416701,0.01212016 
 67\C,1.6379589341,0.7603722207,-0.7683491433\C,2.6929643541,-0.2062613 
 327,-0.3027194726\H,3.249213477,0.0313117184,0.6094537751\H,3.29612419 
 4,-0.6292936335,-1.1145496974\C,1.0901588352,1.6710572681,0.3049386815 
 \C,-0.0540045604,3.2123988901,2.3239040472\C,0.9203636993,1.1484328791 
 ,1.5867309969\C,0.6865572157,2.9742579959,0.0510661555\C,0.121973332,3 
 .7381045833,1.055640627\C,0.3461411751,1.9140991555,2.5866927428\H,1.2 
 521785901,0.1325208335,1.8344968531\H,0.7947537884,3.3906095751,-0.951 
 8146013\H,-0.1965688136,4.7606355458,0.8361443723\H,0.2265865486,1.488 
 4525017,3.5865746374\H,-0.5012193204,3.82052713,3.1153575533\Cl,2.1606 
 60312,1.6576060993,-2.2191267919\\Version=ES64L-G09RevE.01\State=1-A\H 
 F=-2367.7224742\RMSD=7.882e-09\RMSF=2.885e-06\Dipole=-2.9955462,0.4299 
 435,1.1029372\Quadrupole=21.2495285,-12.2178304,-9.0316981,14.3867164, 
 -11.6035004,6.9936082\PG=C01 [X(C10H10Cl3Cu2N1O2)]\\@ 
 
TS2 
 1\1\GINC-R110\FTS\RM11L\GenECP/Auto\C10H10Cl3Cu2N1O2\ROOT\17-Jul-2016\ 
 0\\# m11l/genecp/auto opt=(ts,calcfc,noeigen,maxcyc=200) scf=(maxcyc=2 
 00,novaracc) # freq=noraman int=ultrafine iop(5/13=1,2/11=1)\\TS for C 
A6-11 
 
 l migration: from oxosty2b cpx\\0,1\Cu,-1.189462722,0.0084761777,-0.67 
 8023738\O,-0.7373038469,-1.3670745021,0.263929387\O,0.4651050254,-0.02 
 39047224,-1.3706910219\Cu,0.9731534232,-1.742415236,-0.3084013089\Cl,2 
 .292110359,-3.3271653167,0.0099324384\Cl,-1.8206871393,1.7206960908,-1 
 .8613883957\N,-2.8927211239,-0.1445765808,-0.0011860446\C,-3.938622479 
 6,-0.277460853,0.4393886408\C,-5.2475050014,-0.4459700755,0.9927243745 
 \H,-5.5581144998,0.4750705493,1.5023427232\H,-5.2479251481,-1.27453718 
 68,1.7123466832\H,-5.9642151299,-0.6650524243,0.1909237485\C,1.5276963 
 11,0.5385217136,-0.7160740496\C,2.4978095155,-0.5999658847,-0.63696576 
 85\H,3.2614549529,-0.6317602399,0.1472253714\H,2.8352097602,-0.9588491 
 265,-1.6171120072\C,1.1766055268,1.2081112857,0.5915541632\C,0.3685465 
 315,2.3734589626,2.9818854636\C,1.4123102189,0.5662416123,1.800674602\ 
 C,0.5280858353,2.4382688111,0.5866195323\C,0.1248501944,3.0136222646,1 
 .7775709247\C,1.0121117175,1.1486596882,2.9905888366\H,1.8965461755,-0 
 .4157894631,1.8319095399\H,0.3348893945,2.945605329,-0.3622571304\H,-0 
 .381513337,3.9825904785,1.7614825958\H,1.2041137937,0.6315073352,3.934 
 31963\H,0.0565613392,2.8355129237,3.9229512196\Cl,2.3222903533,1.75912 
 73894,-1.81914241\\Version=ES64L-G09RevE.01\State=1-A\HF=-2367.7073385 
 \RMSD=7.272e-09\RMSF=3.779e-06\Dipole=-2.6060262,0.3248871,1.9057412\Q 
 uadrupole=23.3870781,-17.3508021,-6.036276,6.8470184,-9.8413283,7.0277 
 977\PG=C01 [X(C10H10Cl3Cu2N1O2)]\\@ 
 
int2 
 1\1\GINC-R125\FOpt\RM11L\GenECP/Auto\C10H10Cl3Cu2N1O2\ROOT\16-Jul-2016 
 \0\\# rm11l/genecp/auto opt=(maxcyc=200) scf=(maxcyc=200,novaracc) # f 
 req=noraman int=ultrafine iop(5/13=1,2/11=1)\\Cu(III),Cu(III)-oxo-chlo 
 rostyrenyl complex conf. 2b-2 (closed shell)\\0,1\Cu,1.348846991,0.127 
 2185592,-0.4707108351\O,0.0882168699,0.7552037113,0.5588286542\O,0.174 
 8370591,-0.5703885637,-1.5847157931\Cu,-1.2334815406,1.7274209225,0.13 
 2075101\Cl,-2.7786251851,3.0997487761,0.0017958791\Cl,2.9657867034,-0. 
 8015043558,-1.5514856608\N,2.6099627241,0.9744206722,0.6058797426\C,3. 
 4057997693,1.4610830628,1.2674018373\C,4.4103525197,2.0624561343,2.090 
 3431224\H,4.3978984066,1.6024213917,3.0866820608\H,4.2184850956,3.1380 
 168104,2.1932874689\H,5.3994589566,1.9135653977,1.6385148176\C,-1.0354 
 259407,-0.7873591684,-1.0866067381\C,-1.9209342799,0.4092396452,-1.103 
 2118715\H,-2.9669538657,0.2905665441,-0.7933955578\H,-1.8170373896,0.9 
 891852807,-2.0313727949\C,-1.0831338306,-1.7177303585,0.0891985093\C,- 
 1.0520855409,-3.4847313496,2.2307367201\C,-2.0861741854,-1.6713678957, 
 1.0459569841\C,-0.0677344695,-2.6591337552,0.2033656558\C,-0.054364555 
 1,-3.5382454801,1.270608999\C,-2.0671094681,-2.5499557226,2.1148132427 
 \H,-2.8945629973,-0.9368297892,0.9763291361\H,0.7120788628,-2.70125441 
 85,-0.5654636122\H,0.7459283892,-4.2794620705,1.3512250682\H,-2.856797 
 6246,-2.5006648497,2.8698254037\H,-1.0403401028,-4.1790423048,3.075745 
 744\Cl,-1.8984554016,-1.7052271659,-2.5325353635\\Version=ES64L-G09Rev 
 E.01\State=1-A\HF=-2367.7420657\RMSD=7.077e-09\RMSF=7.596e-06\Dipole=2 
 .3835509,1.0089113,2.7310949\Quadrupole=8.7731897,-5.684817,-3.0883727 
 ,19.0701847,15.1108141,-0.7700275\PG=C01 [X(C10H10Cl3Cu2N1O2)]\\@ 
 
TS3 
 1\1\GINC-R278\FTS\RM11L\GenECP/Auto\C10H10Cl3Cu2N1O2\ROOT\19-Jul-2016\ 
 0\\# m11l/genecp/auto opt=(ts,calcfc,noeigen,maxcyc=200) scf=(maxcyc=2 
 00,novaracc) # freq=noraman int=ultrafine iop(5/13=1,2/11=1)\\TS for C 
 l bend and migration: from oxosty2b-2 cpx\\0,1\Cu,-1.7985654266,0.7204 
 50106,0.4444315494\O,-1.4415406701,-0.8943086297,0.9930382487\O,-0.115 
 1500801,1.2669106169,0.6020636537\Cu,0.1135214843,-1.5869204197,1.1871 
 278155\Cl,1.8218228577,-2.6674414538,1.6212498418\Cl,-2.3810539057,2.6 
 694777351,-0.2646022578\N,-3.585378556,0.2345198677,0.4163560848\C,-4. 
 6858039276,-0.0718405793,0.3745922758\C,-6.065807292,-0.445508224,0.31 
 87478777\H,-6.6379783083,0.3213551869,-0.2190075576\H,-6.4652795822,-0 
 .5447724913,1.3360498672\H,-6.172187733,-1.4066704013,-0.20005581\C,0. 
 8571034148,0.6439551111,0.0765146028\C,0.6514455335,-0.6902996521,-0.5 
 003705283\H,1.5369103548,-1.2444454819,-0.8249075148\H,-0.245750673,-0 
 .8310393803,-1.1081758434\C,2.1820568768,0.9971695618,0.643857575\C,4. 
 6120748577,1.5766712735,1.8410080694\C,3.365225546,0.5363767636,0.0757 
 059286\C,2.221946765,1.7589347729,1.8059920746\C,3.4371162687,2.047189 
 8411,2.4000755681\C,4.5728549132,0.8215739419,0.6781739466\H,3.3445942 
 196,-0.0193503033,-0.8659266699\H,1.2886166574,2.1191726239,2.24345727 
 1\H,3.4640885333,2.6439855772,3.3156371151\H,5.499976247,0.4561138105, 
 0.2292574172\H,5.5725343505,1.8020616721,2.3129844384\Cl,1.0414532741, 
 1.2541225543,-2.0804560395\\Version=ES64L-G09RevE.01\State=1-A\HF=-236 
 7.7416201\RMSD=7.304e-09\RMSF=4.972e-06\Dipole=-3.1393638,-1.027691,0. 
 868172\Quadrupole=38.7682269,-23.2101471,-15.5580799,14.2204353,1.9523 
 578,11.5385727\PG=C01 [X(C10H10Cl3Cu2N1O2)]\\@ 
 
TS3’ 
 1\1\GINC-R132\FTS\RM11L\GenECP/Auto\C10H10Cl3Cu2N1O2\ROOT\16-Jul-2016\ 
 0\\# m11l/genecp/auto opt=(ts,calcfc,noeigen,maxcyc=200) scf=(maxcyc=2 
 00,novaracc) # freq=noraman int=ultrafine iop(5/13=1,2/11=1)\\TS O mig 
A6-12 
 
 ration to form dioxy intm: oxosty2b complex\\0,1\Cu,0.2450970666,1.083 
 295514,0.5307029316\O,0.3625194207,-0.1656416159,-0.7194567548\O,-0.62 
 23462041,-0.0574158659,1.5612552159\Cu,1.688734912,-1.2369207993,-0.61 
 49141789\Cl,3.2953211323,-2.5350616624,-0.7068533745\Cl,-0.1178696497, 
 2.6851127151,1.9129872068\N,1.3180565304,2.2094524312,-0.4952869558\C, 
 1.9766778746,2.9306213542,-1.0912931373\C,2.7995779491,3.835865804,-1. 
 8327464538\H,2.3658556714,4.0043840368,-2.8266568493\H,3.8058290481,3. 
 4136998578,-1.9506057368\H,2.8699915091,4.7943288394,-1.3026055018\C,- 
 1.1104155868,-1.0825412057,0.8557250111\C,-0.0169782518,-1.9251173184, 
 0.2959884913\H,-0.2609065771,-2.6568965883,-0.4856625416\H,0.659927340 
 4,-2.2980138377,1.0830457361\C,-2.2448438201,-0.7234088411,-0.06656996 
 33\C,-4.3498185758,0.0161682393,-1.7226153699\C,-2.7358926052,-1.61118 
 62713,-1.0139082532\C,-2.8317832236,0.5274385791,0.0668847832\C,-3.877 
 4851514,0.8950127222,-0.763287627\C,-3.7795762381,-1.2414180488,-1.841 
 3740068\H,-2.3174110887,-2.619140354,-1.1021967613\H,-2.4756703061,1.2 
 108658969,0.8455928598\H,-4.3347974786,1.8821424973,-0.6504100961\H,-4 
 .1565597245,-1.9473201173,-2.5866890256\H,-5.1758953958,0.3071824114,- 
 2.3775552511\Cl,-1.8024610973,-2.2309320925,2.1536903731\\Version=ES64 
 L-G09RevE.01\State=1-A\HF=-2367.7326406\RMSD=5.809e-09\RMSF=1.979e-06\ 
 Dipole=0.5468774,2.4750853,-2.5363768\Quadrupole=-1.1802518,7.4936473, 
 -6.3133955,21.8420206,0.4083789,-13.5541881\PG=C01 [X(C10H10Cl3Cu2N1O2 
 )]\\@ 
 
pdt 
 1\1\GINC-R147\FOpt\RM11L\GenECP/Auto\C10H10Cl3Cu2N1O2\ROOT\15-Jul-2016 
 \0\\# rm11l/genecp/auto opt=(maxcyc=200) scf=(maxcyc=200,novaracc) # f 
 req=noraman int=ultrafine iop(5/13=1,2/11=1)\\Oxidized and migrated ch 
 lorostyrenyl product complex conf. 2b (closed shell)\\0,1\Cu,-1.575471 
 9021,0.4835441153,-0.2399937972\O,-0.9992587784,-0.7653152603,0.828198 
 1352\O,0.0185730339,0.4458812385,-1.3373854987\Cu,0.1073267717,-1.9862 
 951598,0.3823244317\Cl,1.634502433,-3.3052360434,-0.0975871352\Cl,-2.1 
 889978613,2.4366440081,-0.9845112211\N,-3.3396302058,-0.1500969116,-0. 
 0501311722\C,-4.4337174383,-0.4369309313,0.126387715\C,-5.8026063878,- 
 0.7963100252,0.3454604967\H,-6.4308286555,0.1037011461,0.3391940535\H, 
 -5.9070523168,-1.3018482836,1.313956942\H,-6.1435870266,-1.4740347903, 
 -0.4475871323\C,1.1910112392,0.4124844219,-0.9846789784\C,2.1443162252 
 ,-0.1765229103,-1.9877955976\H,2.403520826,-1.2008697333,-1.655125864\ 
 H,1.6237425302,-0.2480032665,-2.9517259775\C,1.64979642,0.8739622152,0 
 .3186226986\C,2.4362757666,1.7284354623,2.8233605825\C,2.7539718857,0. 
 286778308,0.936933581\C,0.9475788437,1.8968569012,0.9548929707\C,1.355 
 2570204,2.3323201951,2.199092803\C,3.1293944193,0.7026864459,2.1976015 
 179\H,3.2876336175,-0.5364542772,0.4513476027\H,0.1055833332,2.3799662 
 328,0.4438561065\H,0.8215179659,3.1489199118,2.6911999328\H,3.97256649 
 26,0.2221595997,2.6993230345\H,2.7469248938,2.0640479602,3.8171562668\ 
 Cl,3.6204968544,0.7565324309,-2.1966064968\\Version=ES64L-G09RevE.01\S 
 tate=1-A\HF=-2367.7795597\RMSD=4.980e-09\RMSF=3.933e-06\Dipole=-2.2426 
 752,-0.0300783,1.0857165\Quadrupole=27.7977272,-23.8208192,-3.976908,1 
 6.1173792,0.150631,7.6865416\PG=C01 [X(C10H10Cl3Cu2N1O2)]\\@ 
 
==5a== 
 
cpx1 
 1\1\GINC-R1097\FOpt\RM11L\GenECP/Auto\C16H13Cl2Cu2N1O2\ROOT\22-Jul-201 
 6\0\\# rm11l/genecp/auto opt=(maxcyc=200) scf=(maxcyc=200,novaracc) # 
 freq=noraman int=ultrafine iop(5/13=1,2/11=1)\\DioxoCu(II) + tolane co 
 mplex\\0,1\Cu,1.4231390917,0.1012108758,-0.9452476119\O,1.0254582286,0 
 .8817237971,0.5649716601\O,-0.227834502,0.4865391197,-1.2646373391\Cu, 
 -0.6431851492,1.2675689392,0.2367689273\Cl,-1.0703098526,2.2107369564, 
 2.106223504\Cl,1.724714687,-0.8263589368,-2.8613536761\N,3.1835603097, 
 -0.2229458288,-0.408209796\C,4.2621851251,-0.4229113689,-0.0838197496\ 
 C,5.6132693652,-0.6757750081,0.3159749783\H,5.6259478168,-1.208244243, 
 1.2754318495\H,6.151982574,0.2734573615,0.4305385573\H,6.1193846195,-1 
 .2867564759,-0.4423552716\C,-2.738289924,1.0005300842,-0.3090698452\C, 
 -2.3967424597,2.0802508921,-0.7747347872\C,-3.1841489318,-0.2470577691 
 ,0.1833806209\C,-4.0529008973,-2.6912580781,1.1390174732\C,-3.92274759 
 61,-0.3075507323,1.3683830123\C,-2.8618133928,-1.4183058717,-0.5097519 
 169\C,-3.3034222521,-2.6331940131,-0.0267257674\C,-4.3571209563,-1.531 
 1263146,1.8355956056\H,-4.1290826698,0.6160339745,1.9154702084\H,-2.24 
 65177943,-1.3478541429,-1.4108810045\H,-3.0534452305,-3.5513791134,-0. 
 5645262158\H,-4.9339188061,-1.5830190742,2.7625670353\H,-4.3985366268, 
 -3.6580217682,1.5161854545\C,-2.0546240919,3.3223893238,-1.3559942743\ 
 C,-2.3969187967,4.5141982907,-0.7111456208\C,-1.3529291497,3.348919835 
 6,-2.5655740241\C,-2.0619767436,5.7203651245,-1.2917311012\H,-2.909700 
 0354,4.4701007106,0.2532217532\C,-1.0250397535,4.5644273178,-3.1306466 
 942\H,-1.0594891433,2.4026381583,-3.0281955805\C,-1.3817422739,5.74732 
 60482,-2.5001250915\H,-2.3266140815,6.6547174068,-0.790123473\H,-0.476 
 0646254,4.5903052661,-4.0755008219\H,-1.1174373915,6.7069246261,-2.953 
 636517\\Version=ES64L-G09RevE.01\State=1-A\HF=-2137.9262114\RMSD=3.977 
A6-13 
 
 e-09\RMSF=3.338e-06\Dipole=1.5830539,-0.3454022,0.3469451\Quadrupole=2 
 8.4403624,-0.9324025,-27.5079599,-5.4805415,5.1610899,-15.2145334\PG=C 
 01 [X(C16H13Cl2Cu2N1O2)]\\@ 
 
TS1 
 1\1\GINC-R236\FTS\RM11L\GenECP/Auto\C16H13Cl2Cu2N1O2\ROOT\22-Jul-2016\ 
 0\\# m11l/genecp/auto opt=(ts,calcfc,noeigen,maxcyc=200) scf=(maxcyc=2 
 00,novaracc) # freq=noraman int=ultrafine iop(5/13=1,2/11=1)\\TS for C 
 u-O-Cu oxo addition to tolane\\0,1\Cu,-2.3393643398,0.1136170917,-0.26 
 29289639\O,-1.5012216219,-1.4133538891,-0.1987801747\O,-0.7100165873,0 
 .7612991248,-0.3157058485\Cu,0.1122073584,-0.7539615845,0.0501760473\C 
 l,1.0654678807,-2.5982477594,0.4419970949\Cl,-3.3384813156,2.037377887 
 ,-0.3699488345\N,-3.9983143501,-0.7825065721,-0.2495186992\C,-4.981285 
 254,-1.367918368,-0.2526328661\C,-6.2116229941,-2.1003080814,-0.257408 
 1373\H,-6.2486845866,-2.7734182491,0.6085597869\H,-6.2843357386,-2.699 
 4752699,-1.174032572\H,-7.0619077014,-1.4079554616,-0.2125012744\C,0.7 
 942981442,1.4144947351,0.8266444813\C,1.5829580146,0.4632857556,0.5292 
 292238\C,3.0195201464,0.3262361365,0.4566306304\C,3.7403642483,1.24468 
 08299,-0.3117542059\C,3.6996910606,-0.6830073761,1.136882418\C,5.11652 
 14571,1.1569862669,-0.3881563067\H,3.2004953024,2.0232862032,-0.858629 
 7549\C,5.0779892785,-0.7524809588,1.0595997901\H,3.1347651377,-1.41143 
 59669,1.721064183\C,5.7908031321,0.1594477126,0.2982254586\H,5.6698150 
 06,1.8796319074,-0.9945954817\H,5.6045732322,-1.5438755179,1.600204501 
 7\H,6.880310205,0.0897962238,0.2351335884\C,0.212497089,2.529189807,1. 
 4553186797\C,-0.5171490787,3.4689408929,0.7190087011\C,0.4195975776,2. 
 7142461887,2.8293132559\C,-1.0274688366,4.5788603911,1.3552000698\H,-0 
 .7011101123,3.2827198567,-0.3408542016\C,-0.0822956718,3.8395255633,3. 
 4479521113\H,0.9821267337,1.9633444054,3.3908663993\C,-0.8078579176,4. 
 7666238884,2.7125552185\H,-1.6173944069,5.3029755075,0.7883422677\H,0. 
 0784812445,3.9910961431,4.518205051\H,-1.2165402956,5.6506819064,3.210 
 8109427\\Version=ES64L-G09RevE.01\State=1-A\HF=-2137.9076759\RMSD=3.63 
 2e-09\RMSF=1.637e-06\Dipole=-1.7741951,0.6940963,0.9451539\Quadrupole= 
 24.7367207,-12.9836534,-11.7530673,23.2659081,2.3183384,5.1613487\PG=C 
 01 [X(C16H13Cl2Cu2N1O2)]\\@ 
 
int1 
 1\1\GINC-R171\FOpt\RM11L\GenECP/Auto\C16H13Cl2Cu2N1O2\ROOT\22-Jul-2016 
 \0\\# rm11l/genecp/auto opt=(maxcyc=200) scf=(maxcyc=200,novaracc) # f 
 req=noraman int=ultrafine iop(5/13=1,2/11=1)\\Cu(III),Cu(III)-oxo-alky 
 nyl complex conf. 1 (closed shell)\\0,1\Cu,-1.0530406791,0.7318231422, 
 -0.0422790674\O,-2.050651174,-0.728736341,-0.0573911628\O,0.3051131764 
 ,-0.466485411,-0.6080161674\Cu,-0.6792794726,-1.8342617419,0.087622296 
 2\Cl,-1.696915493,-3.4833130746,0.8702490607\Cl,0.1843842585,2.4566127 
 695,0.3786777381\N,-2.6534152162,1.7682755905,-0.0103390749\C,-3.65948 
 65238,2.2982125457,0.1235748422\C,-4.9195170636,2.9589546451,0.2890843 
 807\H,-4.8635397983,3.6682472214,1.1247171838\H,-5.7041580083,2.220067 
 9322,0.4962937313\H,-5.1781515721,3.5081264295,-0.6251918816\C,1.43400 
 48432,-0.9590648502,-0.0336731305\C,1.168620349,-2.2451279506,0.328723 
 0244\C,2.6154075456,-0.1244610192,0.0225113231\C,4.8858719581,1.465442 
 4038,0.0864744662\C,3.5881635277,-0.3290717816,1.0019384001\C,2.788068 
 5114,0.8884654804,-0.9203007343\C,3.9204182441,1.675936077,-0.88641359 
 76\C,4.717609723,0.4632476769,1.0308396996\H,3.4397792988,-1.108510777 
 6,1.7559625867\H,2.0139610223,1.0596332254,-1.6725928874\H,4.049724889 
 6,2.47236362,-1.623841186\H,5.4717140119,0.3079540407,1.8069406406\H,5 
 .7799700003,2.094991043,0.1130588466\C,1.9917194929,-3.3580895634,0.65 
 44473471\C,1.5586701693,-4.3455715646,1.5526789011\C,3.2544176211,-3.5 
 087377277,0.049105559\C,2.3759246867,-5.4134711946,1.8624687819\H,0.57 
 0507154,-4.2451872911,2.0068319758\C,4.0523713627,-4.5889184337,0.3545 
 896371\H,3.590717679,-2.7657141627,-0.680778339\C,3.6213277271,-5.5431 
 038646,1.2674563494\H,2.0302743261,-6.1664552712,2.5760126708\H,5.0268 
 423613,-4.6947712854,-0.1306835073\H,4.259406991,-6.3981615568,1.50782 
 91637\\Version=ES64L-G09RevE.01\State=1-A\HF=-2137.9523848\RMSD=9.528e 
 -09\RMSF=2.418e-06\Dipole=-0.1773923,1.3537136,-0.0947023\Quadrupole=2 
 0.7463581,-6.4141296,-14.3322285,-30.1109497,0.5533723,-5.1541398\PG=C 
 01 [X(C16H13Cl2Cu2N1O2)]\\@ 
 
TS2 
 1\1\GINC-R309\FTS\RM11L\GenECP/Auto\C16H13Cl2Cu2N1O2\ROOT\23-Jul-2016\ 
 0\\# m11l/genecp/auto opt=(ts,calcfc,noeigen,maxcyc=200) scf=(maxcyc=2 
 00,novaracc) # freq=noraman int=ultrafine iop(5/13=1,2/11=1)\\TS for i 
 somerization from oxosty to oxosty1-2\\0,1\Cu,1.0717215487,-0.97074127 
 77,-0.0172684257\O,1.4903404534,-0.1123035758,1.4516365063\O,-0.352071 
 6058,0.3316228699,-0.289185181\Cu,0.5334988553,1.3505108124,1.18580548 
 68\Cl,1.5083863853,3.0907678619,1.8826283313\Cl,0.425331866,-2.3135547 
 951,-1.5977232581\N,2.8593732558,-1.612797607,-0.1239645674\C,3.937674 
 8597,-1.9964275378,-0.1117500672\C,5.2879564145,-2.4742028122,-0.09703 
 41917\H,5.2996929382,-3.568176861,-0.1843277717\H,5.779027775,-2.18144 
 48403,0.8397714032\H,5.8442861107,-2.0460481899,-0.9406351334\C,-1.451 
A6-14 
 
 7206098,0.7511001641,0.3048240632\C,-1.2304319937,1.9279648767,0.99252 
 04773\C,-2.674327311,-0.0341357881,0.2242625364\C,-4.9956689126,-1.536 
 3660173,0.0127063943\C,-3.7587898551,0.2266423607,1.06484149\C,-2.7561 
 320771,-1.0630228874,-0.7135281048\C,-3.9177487555,-1.8052851457,-0.81 
 55035173\C,-4.9126713641,-0.5213323502,0.9557313059\H,-3.6856795257,1. 
 0121247768,1.8237178593\H,-1.8960160857,-1.2764957891,-1.3545431732\H, 
 -3.9786780111,-2.6106243957,-1.5524935835\H,-5.7562256245,-0.320095341 
 5,1.6214602175\H,-5.9108299246,-2.13006981,-0.0695212844\C,-1.98511061 
 17,3.0941649042,1.2391184587\C,-3.0224239,3.4587903282,0.3557053353\C, 
 -1.7313218714,3.9106667115,2.3551626441\C,-3.7908328791,4.5731880906,0 
 .6051609752\H,-3.2083684819,2.8434081344,-0.530264098\C,-2.5120878299, 
 5.0203411031,2.5945433705\H,-0.9059201164,3.648228281,3.0210696425\C,- 
 3.5406158508,5.356536089,1.7249995141\H,-4.5923236771,4.8452925506,-0. 
 0870306558\H,-2.3114322785,5.6437583002,3.4697632622\H,-4.1488443093,6 
 .2454379265,1.9150540689\\Version=ES64L-G09RevE.01\State=1-A\HF=-2137. 
 9449018\RMSD=7.786e-09\RMSF=1.052e-06\Dipole=0.0369325,-0.4148145,0.07 
 6126\Quadrupole=28.8179441,-7.6893507,-21.1285935,-25.9994111,-7.18391 
 52,-0.5955607\PG=C01 [X(C16H13Cl2Cu2N1O2)]\\@ 
 
int2 
 1\1\GINC-R245\FOpt\RM11L\GenECP/Auto\C16H13Cl2Cu2N1O2\ROOT\25-Jul-2016 
 \0\\# rm11l/genecp/auto opt=(maxcyc=200) scf=(maxcyc=200,novaracc) # f 
 req=noraman int=ultrafine iop(5/13=1,2/11=1)\\Cu(III),Cu(III)-oxo-alky 
 nyl complex conf. 1-2 (closed shell)\\0,1\Cu,-2.1161385557,-0.04309086 
 5,-0.1437918537\O,-1.0868773613,-1.2555170018,0.6501721415\O,-0.654593 
 2336,0.4361148106,-1.1370021722\Cu,0.1460878329,-1.9469133484,-0.28585 
 93707\Cl,1.3759545604,-3.2207969082,-1.3880957711\Cl,-3.307560462,1.60 
 04468474,-0.8992196258\N,-3.6176051739,-0.8087026179,0.7220229667\C,-4 
 .5923336405,-1.1590682831,1.2097855023\C,-5.8162924539,-1.5889329901,1 
 .8166381784\H,-5.810903782,-1.3385517706,2.8851506222\H,-5.9318908919, 
 -2.6747389549,1.7072712083\H,-6.6659111378,-1.0860229928,1.3369512023\ 
 C,0.4216747628,0.6738383229,-0.486567606\C,1.2078540319,-0.3945189651, 
 -0.1045178192\C,0.7084251824,2.0782844682,-0.1320377388\C,1.1012963151 
 ,4.7620319708,0.478571149\C,1.5472998389,2.4460064155,0.9192399407\C,0 
 .0460979397,3.0691492383,-0.8563582859\C,0.2489382149,4.402238162,-0.5 
 527431314\C,1.7426398584,3.7804210343,1.2187930795\H,2.034147653,1.679 
 8089629,1.5298076879\H,-0.64666739,2.7694944425,-1.647404006\H,-0.2738 
 709466,5.1722257569,-1.1269303288\H,2.3939352629,4.058843092,2.0520434 
 365\H,1.2579892822,5.8177838392,0.7185558088\C,2.5866482083,-0.5340485 
 808,0.2068184965\C,3.0259035623,-1.4752876822,1.1498719975\C,3.5438274 
 756,0.2645434751,-0.4462350023\C,4.3624979977,-1.5846505622,1.46065057 
 59\H,2.2862616873,-2.1208992153,1.6343753868\C,4.8785911142,0.14803789 
 72,-0.1269725157\H,3.2141165008,0.9759850808,-1.2088769192\C,5.2930967 
 405,-0.7728074747,0.8257652603\H,4.6900028156,-2.3186831693,2.20126470 
 7\H,5.6135389022,0.77389843,-0.6403079192\H,6.3556732894,-0.8683838645 
 ,1.066041718\\Version=ES64L-G09RevE.01\State=1-A\HF=-2137.9857299\RMSD 
 =5.372e-09\RMSF=3.285e-06\Dipole=-0.7600664,-0.1852735,2.3749082\Quadr 
 upole=27.4839279,-14.5729954,-12.9109325,20.866945,-9.9484291,-7.87114 
 19\PG=C01 [X(C16H13Cl2Cu2N1O2)]\\@ 
 
TS3 
 1\1\GINC-R2305\FTS\RM11L\GenECP/Auto\C16H13Cl2Cu2N1O2\ROOT\25-Jul-2016 
 \0\\# m11l/genecp/auto opt=(ts,calcfc,noeigen,maxcyc=200) scf=(maxcyc= 
 200,novaracc) # freq=noraman int=ultrafine iop(5/13=1,2/11=1)\\TS O mi 
 gration to form dioxy intm: oxosty complex\\0,1\Cu,-2.0832214281,0.152 
 4100375,-0.0186705524\O,-0.9651640441,-1.1103923779,0.5909580828\O,-0. 
 7072549191,0.7770422729,-1.0485158202\Cu,-0.0315456048,-1.7816866473,- 
 0.665406487\Cl,0.9911184067,-2.8687873698,-2.1148203452\Cl,-3.30595082 
 42,1.8831208656,-0.4461776469\N,-3.5298770774,-0.7632248182,0.79074068 
 42\C,-4.4863489171,-1.1777544186,1.2648185165\C,-5.6876216901,-1.68813 
 95465,1.8540631587\H,-5.630891829,-2.7797504398,1.9507644002\H,-6.5490 
 894674,-1.4259349623,1.2264010292\H,-5.8289177516,-1.2482344593,2.8496 
 273794\C,0.4315612684,0.8427969322,-0.4646505093\C,1.0794656523,-0.335 
 7991195,-0.1754242467\C,0.9198824178,2.1866843357,-0.1000332289\C,1.68 
 48857044,4.7870352246,0.5292802436\C,1.9116295688,2.4192210146,0.85217 
 42889\C,0.2961479462,3.2741778549,-0.7130108668\C,0.6827406007,4.56338 
 01838,-0.4013044152\C,2.2906585553,3.7119773694,1.1605786441\H,2.37690 
 49061,1.5853774659,1.3844024605\H,-0.512711653,3.0838196585,-1.4234977 
 83\H,0.1878403618,5.4081823692,-0.888355359\H,3.0618233196,3.883452379 
 7,1.9168495062\H,1.9888306482,5.8086861825,0.7751445717\C,2.3649778806 
 ,-0.737828159,0.2834897819\C,2.4897194081,-1.6990213987,1.2959288369\C 
 ,3.5258396278,-0.2212008654,-0.3150620117\C,3.7366489704,-2.1047064708 
 ,1.7201487597\H,1.5780681403,-2.1034534364,1.7481413175\C,4.7666291486 
 ,-0.6330769062,0.1201859995\H,3.4292668977,0.5025671398,-1.1292924754\ 
 C,4.8776410562,-1.5731178233,1.1360124536\H,3.8241009034,-2.8491761673 
 ,2.5157410782\H,5.6660010303,-0.2269500022,-0.350517367\H,5.8660057861 
 ,-1.9020358983,1.4685999216\\Version=ES64L-G09RevE.01\State=1-A\HF=-21 
 37.9846239\RMSD=4.146e-09\RMSF=2.693e-06\Dipole=-0.7265235,-0.725353,2 
A6-15 
 
 .5594096\Quadrupole=26.8042607,-12.9575628,-13.8466978,20.9613376,-8.0 
 276122,-10.9596451\PG=C01 [X(C16H13Cl2Cu2N1O2)]\\@ 
 
pdt 
 1\1\GINC-R195\FOpt\RM11L\GenECP/Auto\C14H10Cl1Cu1O2\ROOT\29-Jul-2016\0 
 \\# m11l/genecp/auto opt=(maxcyc=200) scf=(maxcyc=200,novaracc) # freq 
 =noraman int=ultrafine iop(5/13=1,2/11=1)\\CuCl-benzil product fragmen 
 t\\0,1\O,0.8401460441,0.9291699791,2.6018115917\O,2.740244765,-0.69175 
 80362,2.0877761016\Cu,1.2834451919,-0.5527577607,3.6949813092\Cl,1.197 
 7338559,-2.0219695554,5.1541610539\C,2.3569000107,-0.0055602048,1.1550 
 335981\C,1.5117797059,1.167760566,1.5964973246\C,2.6173811703,-0.37229 
 31057,-0.2368861039\C,3.1230891184,-1.2273853765,-2.8269750544\C,1.862 
 9029577,0.1247462631,-1.3010932237\C,3.6155343701,-1.316950465,-0.4835 
 784709\C,3.8722166306,-1.7326953539,-1.773441118\C,2.1142823364,-0.306 
 6389324,-2.5891080015\H,1.0545076387,0.8400546576,-1.1199249633\H,4.18 
 11537465,-1.7129060137,0.364286464\H,4.6618412979,-2.4639682722,-1.964 
 7513618\H,1.5120264766,0.0738433544,-3.4179879747\H,3.3244644424,-1.56 
 18092838,-3.8486800122\C,1.502037538,2.4921642536,0.9948215701\C,0.482 
 1414748,3.3780301066,1.3543368889\C,2.5114485491,2.9216925813,0.129133 
 6923\C,0.4601684295,4.6556328322,0.8364081639\H,-0.2922472602,3.034505 
 3922,2.0452722173\C,2.4919252264,4.207722296,-0.3729878214\H,3.3331596 
 566,2.2497739621,-0.1368420838\C,1.4639909353,5.0719240962,-0.02752710 
 77\H,-0.3456438655,5.3417530506,1.1096766287\H,3.2905054218,4.54353318 
 ,-1.0391202716\H,1.4478641352,6.0873857893,-0.4332930353\\Version=ES64 
 L-G09RevE.01\State=1-A\HF=-1347.567508\RMSD=8.617e-09\RMSF=9.408e-06\D 
 ipole=0.5467865,2.6834942,-4.02442\Quadrupole=4.3474008,4.4552146,-8.8 
 026154,-7.0789372,-0.7034737,14.0129075\PG=C01 [X(C14H10Cl1Cu1O2)]\\@ 
 
==7a== 
 
cpx1 
 1\1\GINC-R2398\FOpt\RM11L\GenECP/Auto\C11H13Cl2Cu2N1O3\ROOT\20-Jul-201 
 6\0\\# rm11l/genecp/auto opt=(maxcyc=200) scf=(maxcyc=200,novaracc) # 
 freq=noraman int=ultrafine iop(5/13=1,2/11=1)\\DioxoCu(II) + alpha-ald 
 ehyde complex\\0,1\Cu,1.6518981669,0.9931590028,-0.7276105106\O,0.8195 
 998325,-0.0712502208,0.3772807451\O,0.1185915943,1.7850356401,-0.68688 
 06927\Cu,-0.7746751149,0.5672462052,0.1819047875\Cl,-1.7520746584,-0.9 
 604901915,1.3067107643\Cl,2.4960411801,2.3490625885,-2.1762089872\N,3. 
 2321723778,0.0132745034,-0.5795532708\C,4.1947884657,-0.5929096772,-0. 
 4598352153\C,5.4011876879,-1.3491860445,-0.3132561186\H,5.3082356778,- 
 2.3059044218,-0.8428242807\H,5.5895606208,-1.5492610175,0.749201966\H, 
 6.2475957046,-0.7889541662,-0.7305904211\C,-1.4557770399,0.2402463748, 
 -2.6480574448\C,-0.1881352984,-2.2269439845,-2.8331237251\C,-2.0595587 
 301,-0.9005907543,-2.13577023\C,-0.2151937399,0.1332295178,-3.26642040 
 05\C,0.4132400265,-1.0940419923,-3.3616986615\C,-1.4227631001,-2.12852 
 76332,-2.218891884\H,-3.0246273517,-0.8332334731,-1.6188162832\H,0.283 
 9698304,1.0353060561,-3.6380090185\H,1.3949762855,-1.1606738097,-3.840 
 8798878\H,-1.8905736286,-3.0090469229,-1.7714900172\H,0.3180938983,-3. 
 1948791914,-2.8895181226\C,-2.137555657,1.5747921579,-2.5760967217\H,- 
 1.3566166983,2.3589800479,-2.7020757402\C,-3.1939697176,1.7552583537,- 
 3.6515803333\H,-2.7434915226,1.6449330461,-4.6466154235\H,-3.665457168 
 8,2.7502423195,-3.6045889565\H,-3.9860735797,0.9947282153,-3.565038598 
 7\C,-2.7051542698,1.9228584155,-1.2427464683\H,-3.5474991277,2.6597516 
 653,-1.2592062039\O,-2.3687549458,1.5267893908,-0.1507146449\\Version= 
 ES64L-G09RevE.01\State=1-A\HF=-2022.6884998\RMSD=6.614e-09\RMSF=4.662e 
 -06\Dipole=1.6210381,-0.9458022,-1.281244\Quadrupole=26.6871855,-8.433 
 1656,-18.2540199,-24.7685828,14.7600072,2.728516\PG=C01 [X(C11H13Cl2Cu 
 2N1O3)]\\@ 
 
TS1 
 1\1\GINC-R421\FTS\RM11L\GenECP/Auto\C11H13Cl2Cu2N1O3\ROOT\21-Jul-2016\ 
 0\\# m11l/genecp/auto opt=(ts,calcfc,noeigen,maxcyc=200) scf=(maxcyc=2 
 00,novaracc) # freq=noraman int=ultrafine iop(5/13=1,2/11=1)\\TS for C 
 u-O-Cu oxo H abstraction from alpha-aldehyde\\0,1\Cu,0.8054627002,3.35 
 86906909,-1.4186399567\O,0.590374677,2.5501886263,0.1202962012\O,-0.92 
 36686714,3.1239867298,-1.4457313839\Cu,-1.0536492971,2.0314190732,-0.0 
 601796882\Cl,-0.9601874242,0.7361285875,1.6100442294\Cl,0.8799737593,4 
 .2307531826,-3.394082284\N,2.631974093,3.5409737186,-1.1313204304\C,3. 
 7528490465,3.6308343276,-0.9224470982\C,5.1554343671,3.7407091756,-0.6 
 604211077\H,5.421601155,3.1239223537,0.2073624539\H,5.4146039846,4.786 
 2589957,-0.4505354989\H,5.7262616842,3.4007407722,-1.5338206886\C,-1.4 
 344742278,0.5637999981,-2.6763690648\C,0.5898585612,-1.3569706352,-2.6 
 391059776\C,-1.482457832,-0.5004836953,-1.7784018818\C,-0.3494469706,0 
 .6553082513,-3.5487340148\C,0.6491404611,-0.2993332532,-3.5339867724\C 
 ,-0.4762516059,-1.4516936197,-1.7626391699\H,-2.3074013871,-0.58791373 
 89,-1.0649206799\H,-0.271115038,1.5106985572,-4.2289309745\H,1.4941938 
 486,-0.2070433072,-4.2225989299\H,-0.5265618942,-2.2718539495,-1.04150 
 19226\H,1.3862470998,-2.1063272016,-2.6186038386\C,-2.4784613761,1.632 
A6-16 
 
 0124861,-2.720582384\H,-1.7153071244,2.5833051328,-2.3653976992\C,-3.1 
 434526631,1.8747943647,-4.0435700758\H,-2.4322844106,2.2564075886,-4.7 
 902874274\H,-3.9426793638,2.6272124257,-3.9579401081\H,-3.5813185858,0 
 .9506320037,-4.4558853512\C,-3.2817483288,1.8245115289,-1.5522211351\H 
 ,-4.3181701705,2.2196222679,-1.6828652379\O,-2.8773390662,1.719708562, 
 -0.3879821024\\Version=ES64L-G09RevE.01\State=1-A\HF=-2022.6707606\RMS 
 D=7.381e-09\RMSF=2.302e-06\Dipole=2.4364128,0.2404908,-0.8679332\Quadr 
 upole=33.5231998,-10.3618885,-23.1613113,7.6098733,10.4159663,9.131915 
 2\PG=C01 [X(C11H13Cl2Cu2N1O3)]\\@ 
 
int1 
 1\1\GINC-R2610\FOpt\RM11L\GenECP/Auto\C11H13Cl2Cu2N1O3\ROOT\20-Jul-201 
 6\0\\# rm11l/genecp/auto opt=(maxcyc=200) scf=(maxcyc=200,novaracc) # 
 freq=noraman int=ultrafine iop(5/13=1,2/11=1)\\DioxoCu(II) - enolate c 
 omplex\\0,1\Cu,1.4085021648,3.712884773,-2.1082484819\O,1.0776317422,3 
 .0172193604,-0.5398882733\O,-0.2780672477,3.1408953229,-2.4270048398\C 
 u,-0.6594822292,2.7379176723,-0.6565851632\Cl,-0.7004705996,2.20184235 
 44,1.3874622134\Cl,1.5754370874,4.7506393338,-4.0010220436\N,3.1443621 
 969,4.0473656993,-1.5818892987\C,4.2062751216,4.2859468304,-1.23150074 
 69\C,5.534850959,4.5816981398,-0.7899304621\H,6.1396367481,3.665978803 
 9,-0.7908291624\H,5.5052864697,4.9862651765,0.2298116744\H,5.997868896 
 8,5.3187401604,-1.4582560369\C,-1.8638625632,0.0215377298,-2.380163769 
 5\C,-0.5555668633,-2.2850005728,-1.4624242868\C,-1.760550352,-0.255955 
 9267,-1.0032390125\C,-1.3104357031,-0.9105848837,-3.2758726617\C,-0.66 
 39696088,-2.0404979295,-2.8243390448\C,-1.1121594017,-1.3910770197,-0. 
 5614548894\H,-2.2138708275,0.4131728985,-0.2710947292\H,-1.366385982,- 
 0.7286543381,-4.3527317155\H,-0.230711588,-2.740793335,-3.5440762208\H 
 ,-1.0412073217,-1.5762004889,0.51377965\H,-0.037274281,-3.1791955192,- 
 1.1042511222\C,-2.5244033579,1.1976296234,-2.8947931501\H,-0.756336897 
 ,3.8522835486,-2.8689678322\C,-2.9284983145,1.2502536554,-4.3194080997 
 \H,-2.0600892198,1.2989343798,-4.9988982187\H,-3.538948997,2.141948897 
 4,-4.5221471055\H,-3.5093868252,0.3618450526,-4.6163997149\C,-2.775021 
 6369,2.3347148881,-2.1282743856\H,-3.2949785612,3.1687829774,-2.656859 
 1305\O,-2.4651730082,2.5124627356,-0.9135039396\\Version=ES64L-G09RevE 
 .01\State=1-A\HF=-2022.7055417\RMSD=1.885e-09\RMSF=2.935e-06\Dipole=2. 
 4231889,-0.0823173,-0.7618367\Quadrupole=24.9773049,-2.4436635,-22.533 
 6414,10.6077471,15.5105727,8.1081674\PG=C01 [X(C11H13Cl2Cu2N1O3)]\\@ 
 
TS2 
 1\1\GINC-R187\FTS\RM11L\GenECP/Auto\C11H13Cl2Cu2N1O3\ROOT\22-Jul-2016\ 
 0\\# m11l/genecp/auto opt=(ts,calcfc,noeigen,maxcyc=200) scf=(maxcyc=2 
 00,novaracc) # freq=noraman int=ultrafine iop(5/13=1,2/11=1)\\TS for C 
 u-OH migration to enolate intm.\\0,1\Cu,-1.4873920798,0.0877460719,-0. 
 4660231164\O,-1.0132457167,-1.4069085741,0.3357629364\O,0.4048999623,- 
 0.0863906747,-1.1108758678\Cu,0.6664192563,-1.6701866151,-0.0408657869 
 \Cl,0.8456548461,-3.4500245471,1.0494634117\Cl,-1.766736116,1.82472342 
 01,-1.7739358074\N,-3.1656674768,0.0216690233,0.4040141415\C,-4.171745 
 9496,-0.1379796149,0.9277747529\C,-5.4270187396,-0.3425837239,1.586961 
 6179\H,-5.4674200762,-1.3593129255,1.998528202\H,-6.2528576647,-0.2095 
 624813,0.8765182649\H,-5.5434817209,0.3779914385,2.4064709521\C,1.9940 
 54073,1.2536510115,0.3165026556\C,1.8548768456,2.2904497869,2.89624179 
 2\C,2.7937931781,0.73021223,1.3321566118\C,1.1209044198,2.3032184272,0 
 .6114819941\C,1.0506246647,2.8107725205,1.8933720236\C,2.7252027178,1. 
 2531673662,2.6111267017\H,3.4812441553,-0.0932200527,1.1259889001\H,0. 
 4537780945,2.694118137,-0.1646235578\H,0.3502516206,3.6207744447,2.114 
 6616445\H,3.3581585047,0.8340632789,3.3974956757\H,1.7974178195,2.6946 
 848431,3.9108115173\C,2.0727023278,0.7518796913,-1.0671854857\H,0.2292 
 928899,-0.26193196,-2.0503403333\C,2.0599043143,1.7410168783,-2.172971 
 8007\H,1.0866713524,2.2526630667,-2.2360963443\H,2.2525797668,1.263629 
 0849,-3.1458950667\H,2.8267553947,2.5142747232,-2.0056904333\C,2.69560 
 40852,-0.5397680076,-1.3220539957\H,3.2107688353,-0.6732431161,-2.3045 
 018809\O,2.5622984157,-1.497812151,-0.5587553186\\Version=ES64L-G09Rev 
 E.01\State=1-A\HF=-2022.6903033\RMSD=9.046e-09\RMSF=7.336e-07\Dipole=- 
 1.1049235,1.7017871,0.4232107\Quadrupole=26.0636223,-25.592002,-0.4716 
 202,9.6833529,-16.9286509,10.4250338\PG=C01 [X(C11H13Cl2Cu2N1O3)]\\@ 
 
int2 
 1\1\GINC-R198\FOpt\RM11L\GenECP/Auto\C11H13Cl2Cu2N1O3\ROOT\22-Jul-2016 
 \0\\# m11l/genecp/auto opt=(maxcyc=200) scf=(maxcyc=200,novaracc) # fr 
 eq=noraman int=ultrafine iop(5/13=1,2/11=1)\\Intm after Cu-OH migratio 
 n\\0,1\Cu,-2.0741182735,1.7797126498,0.2752928039\O,-2.1136921456,-0.0 
 163380023,0.2219135459\O,0.6688102453,-0.0716729741,-0.0442764616\Cu,- 
 0.9677309859,-1.2468372772,-0.1640811888\Cl,-2.4012947423,-2.804448926 
 5,-0.1631394879\Cl,-0.2344352909,2.8538210585,-0.1896666619\N,-3.89386 
 09218,1.7293437849,0.8010908328\C,-4.2695677123,0.627788646,0.84792951 
 67\C,-4.8689958727,-0.6635324834,0.941902956\H,-4.3204222698,-1.263923 
 8348,1.6792839913\H,-4.7676799595,-1.1774015056,-0.0233885988\H,-5.926 
 7078175,-0.5721908077,1.2270910606\C,3.0645274199,-0.128968345,-0.2110 
A6-17 
 
 297448\C,5.5102302159,0.2718796181,1.0517011843\C,3.1077552086,0.28218 
 10795,1.1143721212\C,4.2563783369,-0.3479246679,-0.8956475575\C,5.4722 
 561843,-0.1504009377,-0.26667612\C,4.3273208394,0.4891632049,1.7363123 
 457\H,2.1765150691,0.451706417,1.6591390903\H,4.2471602076,-0.66891144 
 53,-1.9434210701\H,6.4011293653,-0.3233705511,-0.8167830607\H,4.349831 
 8379,0.8267988453,2.7759728505\H,6.4709759088,0.43468755,1.5474455103\ 
 C,1.7348451742,-0.3560725672,-0.8978978696\H,0.4401084188,0.8779061425 
 ,-0.0772569374\C,1.6035859865,0.3919914067,-2.212341679\H,1.7175897431 
 ,1.4714680194,-2.0340987404\H,0.6089892056,0.2178188424,-2.6521698356\ 
 H,2.3659224982,0.0820718259,-2.9409146938\C,1.573582949,-1.8321714089, 
 -1.1679442835\H,2.4139355752,-2.3601620026,-1.6807267585\O,0.579145602 
 2,-2.4268253538,-0.8510420595\\Version=ES64L-G09RevE.01\State=1-A\HF=- 
 2022.7417633\RMSD=7.206e-09\RMSF=3.931e-06\Dipole=1.4026347,-0.5060762 
 ,-0.2493454\Quadrupole=22.0889292,-24.7290208,2.6400916,-3.7110912,-6. 
 4614518,1.4271868\PG=C01 [X(C11H13Cl2Cu2N1O3)]\\@ 
 
TS3 
 1\1\GINC-R607\FTS\RM11L\GenECP/Auto\C11H13Cl2Cu2N1O3\ROOT\24-Jul-2016\ 
 0\\# m11l/genecp/auto opt=(ts,calcfc,noeigen,maxcyc=200) scf=(maxcyc=2 
 00,novaracc) # freq=noraman int=ultrafine iop(5/13=1,2/11=1)\\TS for C 
 u-O H-abstraction from OHaddint\\0,1\Cu,-2.1946261953,-1.7725568348,-0 
 .0756026013\O,-1.4587053057,-0.1853896521,-0.2332096623\O,1.0090353108 
 ,0.1894491977,-0.4273500419\Cu,-0.639069852,1.3315235779,-0.1670938937 
 \Cl,-2.3053348351,2.6343103091,-0.1639976345\Cl,-0.4211026236,-2.91709 
 57975,0.0173777745\N,-4.0050630894,-1.1798976746,-0.1184976474\C,-4.67 
 50009524,-0.2463323958,-0.2011247205\C,-5.4689403301,0.9363955156,-0.3 
 079905777\H,-4.7808803035,1.7959961855,-0.3733517009\H,-6.1090430581,1 
 .0491733664,0.5762749508\H,-6.0961553039,0.8964817683,-1.2077176017\C, 
 3.3535892332,0.043301934,0.0485275332\C,5.9029646206,-0.517324224,-0.9 
 148336357\C,3.5332752022,-0.337019188,-1.2744649075\C,4.46258063,0.149 
 082839,0.8826435304\C,5.7301971144,-0.1284083717,0.4030019767\C,4.8027 
 643197,-0.6224211901,-1.7479707971\H,2.6647603064,-0.4195590884,-1.930 
 9708842\H,4.3444508447,0.4409849292,1.9324684097\H,6.5924816093,-0.044 
 6184108,1.0701251713\H,4.9318454693,-0.9333103125,-2.7884117594\H,6.90 
 37806838,-0.742463049,-1.2931203031\C,1.9693979236,0.3585795129,0.5695 
 480197\H,0.4815309123,-0.6280015272,-0.3125659741\C,1.6083300531,-0.41 
 887272,1.8225460231\H,1.6732816862,-1.4976313774,1.6173763766\H,0.5729 
 471662,-0.1906520887,2.1249172805\H,2.2802406729,-0.1850144123,2.66062 
 91006\C,1.8902523755,1.8366218706,0.9018510885\H,2.7293374926,2.272428 
 4014,1.5001308837\O,0.9643172225,2.5179669073,0.5560002236\\Version=ES 
 64L-G09RevE.01\State=1-A\HF=-2022.7398804\RMSD=3.999e-09\RMSF=8.680e-0 
 7\Dipole=0.2494404,0.3670174,0.5713739\Quadrupole=30.2953325,-26.73618 
 51,-3.5591475,1.603681,3.464447,2.1887699\PG=C01 [X(C11H13Cl2Cu2N1O3)] 
 \\@ 
 
int3 
 1\1\GINC-R115\FOpt\RM11L\GenECP/Auto\C11H13Cl2Cu2N1O3\ROOT\24-Jul-2016 
 \0\\# m11l/genecp/auto opt=(maxcyc=200) scf=(maxcyc=200,novaracc) # fr 
 eq=noraman int=ultrafine iop(5/13=1,2/11=1)\\Alkoxyl intm after Cu-O H 
  abstraction\\0,1\Cu,-2.8587811833,1.2821907648,0.3231963945\O,-1.2120 
 834204,0.3739002679,0.1881806367\O,1.2475290294,0.1584807888,0.1581274 
 413\Cu,-0.0944292186,-1.0352206573,0.1518215546\Cl,-1.6042413003,-2.56 
 26450995,0.2847024052\Cl,-2.0878574874,3.2058804968,0.0472153786\N,-4. 
 032875369,-0.115985873,0.6143020066\C,-4.4707945097,-1.1683560681,0.76 
 02075505\C,-4.9989088145,-2.4832496392,0.9380922043\H,-4.176843021,-3. 
 2004124148,0.788819907\H,-5.7940140388,-2.6785192189,0.2072092548\H,-5 
 .4026462749,-2.5979505594,1.9522406092\C,3.6179068696,0.2441220511,0.1 
 832337173\C,5.8960901654,1.1884674958,1.4725700126\C,3.5047975796,0.96 
 83209776,1.3621037024\C,4.8819604165,-0.01041123,-0.3403873315\C,6.014 
 9033506,0.4566845633,0.3025764342\C,4.6403165641,1.443704702,1.9964810 
 467\H,2.5087577465,1.163932155,1.7640223317\H,4.9959842838,-0.57760972 
 93,-1.2715091047\H,7.0025349723,0.2488771307,-0.1189258147\H,4.5406818 
 057,2.0241277121,2.9182951746\H,6.7907459769,1.5628836654,1.9778296642 
 \C,2.3597695989,-0.2698878334,-0.4983773711\H,-0.5684677281,1.09106719 
 86,0.0818105799\C,2.3203072561,0.117146231,-1.9775444968\H,2.296476174 
 9,1.2141949298,-2.0393104942\H,1.3999899689,-0.2728350779,-2.442192467 
 5\H,3.1829656955,-0.2452163875,-2.5574623613\C,2.3610467433,-1.7730397 
 255,-0.4450647539\H,3.2700337641,-2.3628645921,-0.7176405665\O,1.34978 
 04038,-2.3584890245,-0.1251752446\\Version=ES64L-G09RevE.01\State=1-A\ 
 HF=-2022.781411\RMSD=5.899e-09\RMSF=3.415e-06\Dipole=-0.0801006,-1.844 
 816,-0.0018904\Quadrupole=27.0380704,-21.9920394,-5.046031,14.2781929, 
 -6.9943483,2.1479171\PG=C01 [X(C11H13Cl2Cu2N1O3)]\\@ 
 
TS4 
 1\1\GINC-R171\FTS\RM11L\GenECP/Auto\C11H13Cl2Cu2N1O3\ROOT\27-Jul-2016\ 
 0\\# m11l/genecp/auto opt=(ts,calcfc,noeigen,maxcyc=200) scf=(maxcyc=2 
 00,novaracc) # freq=noraman int=ultrafine iop(5/13=1,2/11=1)\\TS for a 
 lkoxyl intm OH migration & reductive elimination\\0,1\Cu,1.9851457994, 
A6-18 
 
 1.1396168687,0.9916812046\O,0.8407440407,0.1671655421,-0.2986647917\O, 
 -1.4609018888,-0.9631896186,-1.0861090025\Cu,0.2393643728,-1.561513629 
 1,-0.7340414598\Cl,1.6308841848,-3.1593768846,-0.5890428417\Cl,1.14873 
 35848,3.0896695919,0.7625083772\N,2.9960241246,-0.2908756716,1.5849059 
 29\C,3.394336099,-1.3658509418,1.6923097854\C,3.9099912037,-2.69145272 
 96,1.8499133705\H,4.3671328438,-3.0197258695,0.9072834036\H,3.08335876 
 01,-3.3793319852,2.0712760027\H,4.652939792,-2.7194900541,2.6583179017 
 \C,-3.2544026235,0.2874594231,-0.2173182191\C,-5.6575511211,0.45571931 
 57,1.1789061862\C,-3.7848897352,-0.8392515337,0.4139214276\C,-3.938414 
 916,1.5027157999,-0.1265079508\C,-5.1343988475,1.5810172397,0.56286820 
 76\C,-4.9778342804,-0.7528981783,1.1000387394\H,-3.2421965944,-1.78516 
 51397,0.3446701387\H,-3.5362691009,2.4011774013,-0.6060834613\H,-5.664 
 4081415,2.5355683447,0.6220927241\H,-5.3910727746,-1.6430987722,1.5827 
 358696\H,-6.6021958415,0.5196152638,1.7258349197\C,-1.9702933117,0.181 
 9511049,-0.9373122643\H,0.8939385078,0.693091555,-1.1020336204\C,-1.59 
 0171115,1.2693037628,-1.8989621684\H,-2.4320221264,1.5080678093,-2.569 
 6262785\H,-0.7570371482,0.9245006899,-2.5254854613\H,-1.2921338237,2.2 
 156125643,-1.4153948041\C,-1.0020096985,0.7913227098,0.8652001622\H,-0 
 .7143998126,1.8768239943,0.7211310982\O,-1.003896412,0.0372600271,1.73 
 25408759\\Version=ES64L-G09RevE.01\State=1-A\HF=-2022.7433599\RMSD=3.1 
 76e-09\RMSF=3.623e-06\Dipole=-0.4219976,-0.1912361,0.6274518\Quadrupol 
 e=16.8965182,-15.0304823,-1.8660359,-11.8763686,5.154804,-12.2928984\P 
 G=C01 [X(C11H13Cl2Cu2N1O3)]\\@ 
 
pdt 
 1\1\GINC-R476\FOpt\RM11L\GenECP/Auto\C9H10Cl1Cu1O3\ROOT\30-Jul-2016\0\ 
 \# m11l/genecp/auto opt=(cartesian,maxcyc=200) scf=(maxcyc=200,novarac 
 c) # freq=noraman int=ultrafine iop(5/13=1,2/11=1)\\CuCl-Ketone-carbox 
 ylic C-C cleavaged product fragment\\0,1\O,-1.1431182665,2.9695407588, 
 1.9954575513\O,-0.1432227088,-1.8075785646,0.4531906118\Cu,-1.53639112 
 86,-0.8894277989,-0.3063669996\Cl,-3.1415773538,0.1282637973,-1.146180 
 3531\C,1.7692589421,-0.5138008973,-0.0661094678\C,3.1625454196,1.41947 
 14265,-1.4994866885\C,2.9888199857,-0.025428988,0.4027665999\C,1.26621 
 11919,-0.0274799305,-1.2724232086\C,1.9609110139,0.9266530051,-1.98650 
 40283\C,3.6752462348,0.9426507015,-0.3038641548\H,3.4007144867,-0.3871 
 073748,1.3493122261\H,0.3199667873,-0.4160503289,-1.6671577459\H,1.559 
 3698468,1.293560394,-2.9345823029\H,4.6208229666,1.3316803379,0.082715 
 7703\H,3.7078943583,2.1835155508,-2.0610976188\C,1.0247368611,-1.52861 
 58232,0.6908198715\H,-1.8310064903,3.5960637653,1.7665602888\C,1.70227 
 6739,-2.2723698058,1.7874925837\H,1.8577375517,-1.6048167131,2.6499633 
 802\H,2.690679712,-2.6498938463,1.4894013096\H,1.0650089875,-3.1024664 
 736,2.1099526714\C,-1.2981836867,1.8691244432,1.2837013982\H,-2.160640 
 6796,1.8742407555,0.5730047515\O,-0.5608837708,0.9449686092,1.40311055 
 4\\Version=ES64L-G09RevE.01\State=1-A\HF=-1232.3042351\RMSD=3.575e-09\ 
 RMSF=6.009e-05\Dipole=2.4521057,0.6514626,0.8233243\Quadrupole=-5.0662 
 185,7.804104,-2.7378855,-5.8309686,-6.2792735,-2.8399157\PG=C01 [X(C9H 
 10Cl1Cu1O3)]\\@ 
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10.7 Appendix 7 for Paper 6 
 
Chemoselective Switch in the Asymmetric Organocatalysis of 
5H-Oxazol-4-ones and N-Itaconimides: Addition–Protonation 
or [4+2] Cycloaddition 
 
Computational methods 
All quantum chemical calculations were carried out with Gaussian 09[1]. All ΔG values are 
reported relative to the individual free starting materials 1a, 2a and catalyst IV. 
Minimum and transition state (TS) structures were optimized with Becke’s three parameter[2] and 
Lee-Yang-Parr’s[3] B3LYP density functional using Pople’s[4] 6-31G(d,p) basis set and the SMD[5] 
polarizable continuum solvent model under dichloromethane (DCM) parameters. Frequency 
calculations were performed at the same level of theory to verify that all TS had one imaginary 
frequency and all minima had none. Improved single-point energies of the optimized geometries 
were evaluated with Grimme’s empirical dispersion correction D3 (zero damping)[6] to meta-
hybrid functional M06-2X[7], herein termed M06-2X(D3), with Wiegend and Aldrich’s def2-
TZVP triple zeta quality basis set.[8] Simón and Goodman[9] showed that B3LYP/6-31G(d) is 
adequate to model a variety of organocatalytic reactions and very recently, Houk et al[10] applied 
the dispersion-corrected M06-2X(D3)//B3LYP approach towards modeling stereoselective 
intramolecular Aldol reaction and thiourea-amine catalyzed Nazarov cyclization with excellent 
qualitative agreement to experiment.  
Gibbs free energies in solution were calculated from the geometries, frequencies and improved 
energies using a thermocycle in which the gas-phase was treated using the standard textbook 
formulae for an ideal gas under the harmonic oscillator / rigid rotor approximation, and the Gibbs 
free energies of solvation (in DCM) were then calculated using the SMD continuum solvation 
model. Corrections were included to consider passage of 1 atm gas into 1M in solution, ΔG1atm→1M 
as follows[11]:  
ΔG1atm→1M = dN*R*T*ln(RT/P)  
where dN is the number of moles of gas change from reactant to product and ln(RT/P) equals to 
1.89 at 298 K. We have recently shown that this approach provides an excellent quantitative 
description of the temperature dependent behavior of solution-phase Diels-Alder reactions[12].  
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Detailed Theoretical Results 
 
The electrophile 2a could approach the bound zwitterionic catalyst-nucleophile complex IV-1a 
in either an eclipsed or staggered fashion. The transition state (TS) for eclipsed approach is more 
stable than the staggered by as much as 2.7 kcal/mol due to secondary π-π* orbital interactions[13] 
(Figure S1). 
 
Figure S1 -Left: TS for Eclisped and staggered approach to complex IV-1a. Values are 
Gibb’s free energy in kcal/mol relative to free starting materials (1a, 2a and IV). Right: 
orbital-correlation diagram showing orbital phases for favorable π-π* overlap between 
HOMO and LUMO.  
 
From a stereochemical viewpoint there are four possible outcomes as a result of eclipsed attack 
on the electrophile (Figure S2 top), thus we designate the carbonyl on the nucleophile and vinyl 
ketone carbonyl on the electrophile as points of reference. Comparison of all of the relative Gibb’s 
free activation energies of the TS of these 4 stereo-outcomes in the first Michael addition (Figure 
S2 bottom) reveal that the TS is most stable when the substrates are fused in a Re,Si fashion (TS1-
R,S[IV], ΔG‡ = +15.9 kcal/mol). TS structures optimized with Si,Re- Re,Re- or Si,Si-facing 
substrates (TS1-S,R[IV], TS1-R,R[IV] and TS1-S,S[IV] respectively) were calculated to be less 
stable (ΔG‡ = +18.0 to +20.0 kcal/mol) and thus likely to be less competitive kinetically. 
The distortion/interaction model was employed to further analyze the reactivity of the first 
enantio-discriminating TSs,[14] with TS1-R,S[IV] revealing the strongest interaction energy and 
consequently lowest activation energy (Figure S2). Indeed for the adduct int1-R,S[IV] (ΔG = 
+1.7 kcal/mol) formed, the negatively charged succinimide enolate group is stabilized via clamp-
like H-bonding on the urea core of the catalyst that is not seen in other adduct isomers. The 
solution-phase Gibb’s free energies of these other stereoisomers (Fig. S3; int1-S,R[IV], int1-
R,R[IV] and int1-S,S[IV]) are overall more endoergic by 7.6 to 14.7 kcal/mol. In accord to 
Hammond’s postulate, the late transition state TS1-R,S[IV] resembling more to product int1-
R,S[IV] will be more stable with respect to the other 3 stereo-outcomes. 
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Figure S2 -Top: stereochemistry for approach of 2a to IV-1a complex. Bottom: TS for Michael 
addition process. Values are Gibbs’s free energy and enthalpy (kcal/mol) of dichloromethane 
(DCM) optimized transition state electronic structures relative to free starting materials 1a, 2a and 
IV. 
 
Figure S3 -Optimized geometry of TS and intermediates. Values are Gibb’s free energy 
in kcal/mol relative to free starting materials 1a, 2a and IV.  
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Conversion of 4a to 3a and 3a’ The formation of 4a is fast considering the low activation barrier 
for the step-wise [4+2] cycloaddition from starting materials (ΔG‡ = 15.9 kcal/mol; Figure S1). 
The first C-C bond addition process leads to an exoergic stable intermediate int1-R,S[IV] which 
rapidly cyclizes to 4a and catalyst IV (ΔG = -7.9 kcal/mol). The kinetically-trapped 4a could still 
readily re-convert to int1-R,S[IV] (ΔG = +9.6 kcal/mol) which undergoes displacement (TSmig-
R,S[IV]) or bond rotation (TSrot-R,S[IV]) to form re-orientated Michael adducts int4-R,S[IV] 
and int4’-R,S[IV]. Protonation of int4-R,S[IV] and int4’-R,S[IV] through the bifurcated 
diastereomic routes TS4-R,S[IV] and TS4’-R,S[IV] furnishes more thermodynamically stable 
products 3a (ΔG = -9.1 kcal/mol) and 3a’ (ΔG = -12.6 kcal/mol) respectively. A potential energy 
surface for the process is provided in Figure S4. Generally under low temperature reaction 
conditions 4a should appear as the major product, and 3a or 3a’ under elevated temperatures.  
 
Figure S4 -Energy profile for transformation of 1a, 2a and IV to 4a and conversion of 4a to 
3a or 3a’. Values are Gibb’s free energy in kcal/mol.  
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Molecule 
E (B3LYP) + 
∆Gsolvation 
E(M06-2X) + 
∆Gsolvation Tc(G) Tc(H) 
ZPE 
298K G(M062X) 
Imag. 
Freq 
IV -1862.156758 -1862.082979 0.37772 0.45974 0.43396 -1861.70526 - 
1a -629.8336316 -629.81227 0.13872 0.18935 0.17708 -629.67355 - 
2a -591.7268955 -591.70254 0.13489 0.18378 0.17225 -591.56765 - 
IV-1a -2453.886616 -2453.798277 0.535283 0.646078 0.608211 -2453.26299 - 
TS1-R,S[IV] -3083.715668 -3083.615138 0.70009 0.83759 0.78769 -3082.91505 251.8866i 
TS1-R,R[IV] -3083.707415 -3083.608163 0.69961 0.83855 0.78857 -3082.90856 369.5299i 
TS1-S,R[IV] -3083.711441 -3083.612332 0.69749 0.83753 0.78720 -3082.91484 300.0261i 
TS1-S,S[IV] -3083.70906 -3083.611394 0.69845 0.83774 0.78759 -3082.91295 307.0783i 
TS1r-
R,R[IV] -3083.708624 -3083.603088 0.69875 0.83769 0.78764 -3082.90434 267.705i 
int1-R,S[IV] -3083.736081 -3083.640394 0.70269 0.84060 0.79083 -3082.93770 - 
int1-R,R[IV] -3083.715141 -3083.617069 0.70005 0.84008 0.78980 -3082.91702 - 
int1-S,R[IV] -3083.727047 -3083.632622 0.70129 0.84036 0.79013 -3082.93133 - 
int1-S,S[IV] -3083.723096 -3083.629691 0.70024 0.84017 0.78997 -3082.92945 - 
TS2-R,S[IV] -3083.725014 -3083.63385 0.70446 0.83886 0.78998 -3082.92939 276.869i 
int2-R,S[IV] -3083.738211 -3083.655231 0.70755 0.84053 0.79197 -3082.94768 - 
TS3-R,S[IV] -3083.72564 -3083.648305 0.70210 0.83507 0.83507 -3082.94621 1078.0357i 
TSmig-
R,S[IV] -3083.725343 -3083.634496 0.70331 0.83981 0.79055 -3082.93119 20.7298i 
TSrot-
R,S[IV] -3083.725027 -3083.635361 0.70410 0.83938 0.79024 -3082.93126 22.1196i 
int3-R,S[IV] -3083.728705 -3083.637016 0.70249 0.84043 0.79040 -3082.93453 - 
int4'-R,S[IV] -3083.736027 -3083.64327 0.70280 0.84002 0.79017 -3082.94047 - 
int4-R,S[IV] -3083.729659 -3083.640959 0.70314 0.84022 0.79034 -3082.93782 - 
TS4'-R,S[IV] -3083.707525 -3083.619945 0.70011 0.83521 0.78609 -3082.91984 1164.6896i 
TS4-R,S[IV] -3083.713899 -3083.623891 0.70004 0.83519 0.78601 -3082.92386 1341.2228i 
4a -3083.72822 -3083.633815 0.68076 0.83659 0.78816 -3082.95305 - 
3a' -3083.74678 -3083.638242 0.67772 0.83698 0.78787 -3082.96053 - 
3a -3083.742846 -3083.634211 0.67628 0.83674 0.78741 -3082.95793 - 
 
All energies in hatrees. 
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Gaussian Archive Files 
 
IV 
 1\1\GINC-R644\FOpt\RB3LYP\6-31G(d,p)\C18H27Cl2N3O1\ROOT\19-Aug-2015\0\ 
 \# freq=noraman b3lyp/6-31g(d,p) opt=maxcyc=200 scf=maxcyc=200 scrf=(s 
 md,solvent=dichloromethane)\\DCM opt catalyst IV\\0,1\H,-4.8792468929, 
 0.6001404138,0.1277267231\C,-4.5949314243,-0.2878858434,-0.4154649808\ 
 C,-3.8697341618,-2.5790242841,-1.816613261\C,-3.2824800972,-0.78345052 
 75,-0.3131261441\C,-5.5000759229,-0.9680067337,-1.2230223394\C,-5.1790 
 591202,-2.1175200097,-1.9414023951\C,-2.9230956166,-1.9436535018,-1.02 
 59011152\H,-5.9053756727,-2.624627852,-2.5631350367\H,-1.9136029501,-2 
 .3344953693,-0.9575479247\N,-2.289473098,-0.1874961066,0.4645715806\H, 
 -1.396297881,-0.663500117,0.450970228\C,-2.3791051742,0.9618952919,1.2 
 494595839\N,-1.2140352719,1.2550742884,1.9028527257\H,-0.3760469312,0. 
 763486578,1.6180600336\C,-1.0149624736,2.5287023233,2.596938088\H,-2.0 
 094976453,2.9739295077,2.6691506323\O,-3.4158163007,1.6180420242,1.366 
 7516907\C,-0.5175383829,2.3060327084,4.0665800304\C,-1.538514105,1.416 
 5878444,4.8033978612\H,-1.6184757863,0.4275878505,4.3433748546\H,-2.53 
 68753852,1.8694038317,4.8006174025\H,-1.2376459357,1.2777944661,5.8478 
 573273\C,-0.4389050946,3.6584265531,4.8047803263\H,0.3602042974,4.3000 
 875016,4.4216901111\H,-0.2394886162,3.4929207781,5.8695883862\H,-1.382 
 2696131,4.2118537862,4.7267252057\C,0.8625141993,1.6207498303,4.108904 
 8586\H,1.1600890131,1.4341678276,5.1468673394\H,1.6453517369,2.2351007 
 943,3.6519529369\H,0.8504138204,0.6509352608,3.5980355228\C,-0.1060225 
 642,3.4482455002,1.7496949099\H,0.0743698327,4.3892053218,2.2964203177 
 \H,0.8689078503,2.9611340067,1.6336072295\N,-0.6284674658,3.7043429045 
 ,0.4054749818\C,-2.3579646164,4.7897098422,-0.9940419743\C,-0.09197361 
 37,4.2577689856,-1.9464815314\C,-1.2981771105,5.2021368955,-2.02291276 
 82\C,0.4301088077,4.1465317209,-0.5109714247\C,-1.7478163576,4.6560804 
 299,0.4042323994\H,-2.7957185607,3.8238956952,-1.2772831437\H,-0.38544 
 9999,3.2581049159,-2.2926353885\H,0.8519369051,5.1241653361,-0.1986786 
 268\H,-1.4163811459,5.6537475893,0.7595514635\H,-3.1757548966,5.519537 
 2303,-0.9632720536\H,0.7169557291,4.6039254675,-2.6010716102\H,-1.7206 
 032496,5.2085313952,-3.0346517352\H,1.2494000625,3.4198348798,-0.46686 
 68952\H,-2.5127964777,4.3021003231,1.0997042022\H,-0.9675626487,6.2289 
 341479,-1.8107041223\Cl,-7.1469950505,-0.3409577447,-1.3428503028\Cl,- 
 3.396080944,-4.0302749583,-2.7023911791\\Version=ES64L-G09RevD.01\Stat 
 e=1-A\HF=-1862.1567583\RMSD=5.669e-09\RMSF=1.053e-05\Dipole=2.95663,0. 
 3408988,0.8657008\Quadrupole=0.4225811,-0.5705298,0.1479488,-3.0147624 
 ,2.2353508,-2.87889\PG=C01 [X(C18H27Cl2N3O1)]\\@ 
 
1a 
 1\1\GINC-R684\FOpt\RB3LYP\6-31G(d,p)\C10H9N1O2\ROOT\19-Aug-2015\0\\#b3 
 lyp/6-31G** opt freq=noraman SCRF=(SMD,Solvent=dichloromethane)\\Nucle 
 ophile\\0,1\C,1.1126999709,-2.2880973897,-0.8189010092\N,0.6689770849, 
 -1.2981962476,0.0651484131\C,-0.5202997872,-1.6705069729,0.4531375857\ 
 O,-1.0063635218,-2.8267826983,-0.0388444122\C,-1.3781393837,-0.9344040 
 191,1.3812548534\C,-2.9929942708,0.4986075912,3.150180301\C,-2.6452125 
 077,-1.4289895312,1.7332136775\C,-0.9243330954,0.2815536489,1.92013806 
 75\C,-1.732047875,0.9929371231,2.801684665\C,-3.4471357632,-0.71070011 
 77,2.616404427\H,-2.9930585703,-2.3674148909,1.3161139416\H,0.05538282 
 96,0.6527704898,1.6405409395\H,-1.3806661212,1.9321656023,3.217334588\ 
 H,-4.4259607491,-1.0929324346,2.8887493242\H,-3.6213576996,1.055872950 
 1,3.8387469721\O,2.173570653,-2.3004786774,-1.4138990806\C,-0.52301398 
 76,-3.5657867032,-2.3248143131\H,-1.3135452637,-4.3203663485,-2.328841 
 1737\H,0.2921757838,-3.9096534888,-2.9677077438\H,-0.9183169085,-2.630 
 9021126,-2.7321798134\C,0.0194329284,-3.358064383,-0.9219000908\H,0.36 
 82419541,-4.2988201598,-0.4830439484\\Version=ES64L-G09RevD.01\State=1 
 -A\HF=-591.7268955\RMSD=6.058e-09\RMSF=3.135e-05\Dipole=-2.2633687,-0. 
 3578166,0.879456\Quadrupole=-8.9871523,6.8770327,2.1101196,-1.4570984, 
 2.3692472,6.4790846\PG=C01 [X(C10H9N1O2)]\\@ 
 
2a 
 1\1\GINC-R800\FOpt\RB3LYP\6-31G(d,p)\C11H9N1O2\ROOT\19-Aug-2015\0\\#b3 
 lyp/6-31G** opt freq=noraman SCRF=(SMD,solvent=dichloromethane)\\Elect 
 rophile\\0,1\C,4.3815848257,0.3437417667,0.3321590615\C,4.0655625756,0 
 .3151124949,1.8181739666\C,3.076846168,-0.808888233,1.9672383341\C,2.8 
 446145076,-1.4026046544,0.6196399482\N,3.6412384242,-0.6768510677,-0.2 
 902606095\H,3.6663867225,1.289085907,2.1214114948\H,4.9936199766,0.154 
 5079718,2.3774273274\C,2.4620640714,-1.2673835821,3.058440776\O,5.1389 
 803386,1.0989365086,-0.2424501132\O,2.1154884207,-2.3298059519,0.31915 
 93664\C,3.6946113031,-0.9556567039,-1.6918271389\C,3.7963821693,-1.501 
 1670595,-4.424263438\C,3.9426166167,-2.2605347374,-2.1293770187\C,3.49 
 74285261,0.0777879397,-2.6129206772\C,3.5551509372,-0.1996393966,-3.97 
 87169629\C,3.9866096203,-2.528716999,-3.497550694\H,3.3025666122,1.084 
 5923768,-2.2621312453\H,3.4049878701,0.6036718719,-4.6938308047\H,4.17 
 56516829,-3.5425237105,-3.8376336724\H,3.8356932593,-1.7138495136,-5.4 
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 884761614\H,1.7682817262,-2.0996609672,2.984395864\H,2.630571132,-0.83 
 32452062,4.039287337\H,4.0966125335,-3.0532020446,-1.4063059497\\Versi 
 on=ES64L-G09RevD.01\State=1-A\HF=-629.8336316\RMSD=3.992e-09\RMSF=7.43 
 5e-06\Dipole=-0.0137132,0.177277,0.8585533\Quadrupole=-9.6833026,-4.48 
 39157,14.1672183,-7.0644787,0.3187111,3.3178823\PG=C01 [X(C11H9N1O2)]\ 
 \@ 
 
IV-1a complex 
 1\1\GINC-R804\FOpt\RB3LYP\6-31G(d,p)\C28H36Cl2N4O3\ROOT\19-Aug-2015\0\ 
 \# b3lyp/6-31G** freq=noraman opt=maxcyc=200 scf=maxcyc=200 scrf=(smd, 
 solvent=dichloromethane)\\Catalyst--nucleophile zw complex (DCM opt; c 
 atalyst IV)\\0,1\H,5.2092874733,-1.2068666337,-2.1939512405\C,5.031905 
 0232,-1.9459266622,-1.4275000655\C,4.5932726711,-3.8469543622,0.554990 
 8096\C,3.9252026089,-1.8167634942,-0.5679042445\C,5.8827314499,-3.0323 
 173852,-1.2563217682\C,5.7000766534,-4.0067719754,-0.2780219817\C,3.71 
 00518182,-2.7843496667,0.4337399803\H,6.3802106643,-4.8415710373,-0.16 
 92184224\H,2.8616517718,-2.6928327178,1.1025113139\N,2.9956244092,-0.7 
 837361691,-0.6541497689\H,2.2411684792,-0.7865259605,0.0380934122\C,3. 
 0543904381,0.3536450874,-1.4509605022\N,1.9526086825,1.1511236931,-1.2 
 920303714\H,1.2765524606,0.8729250007,-0.5808684698\C,1.8477923535,2.4 
 707426136,-1.8972035703\H,2.8078245072,2.6586089715,-2.3834224734\O,3. 
 9861179122,0.6186389537,-2.2170454649\C,0.7619061359,2.5338953283,-3.0 
 342142314\C,1.1497645925,1.5168451493,-4.124898519\H,1.1524091923,0.49 
 38262226,-3.7386441508\H,2.144601433,1.7253044586,-4.5330255393\H,0.43 
 12892832,1.5597710779,-4.9508062929\C,0.7448536911,3.9404392178,-3.666 
 6969415\H,0.3439021666,4.7016100323,-2.9898156783\H,0.1114705455,3.940 
 4818961,-4.5602956221\H,1.7494516257,4.2536744597,-3.9753688797\C,-0.6 
 436700068,2.1874206912,-2.5076367396\H,-1.3611928332,2.1811258127,-3.3 
 354777394\H,-1.0067980223,2.9133917582,-1.7724378185\H,-0.6691510072,1 
 .1946445689,-2.0459025987\C,1.6131839252,3.5363826004,-0.8103100053\H, 
 1.668931775,4.5343289644,-1.249177418\H,0.6240199368,3.41761089,-0.360 
 985651\N,2.5805587835,3.5081741357,0.3400436061\C,4.9505353712,3.51716 
 95655,1.1330500538\C,3.1747231331,4.6489145879,2.4977204911\C,4.655854 
 7568,4.6665613015,2.1033306347\C,2.2688545727,4.6566913771,1.268931065 
 8\C,4.023972668,3.5525877006,-0.0821167981\H,4.826594744,2.5550733608, 
 1.6436445268\H,2.9549302465,3.7498817688,3.0818424585\H,2.3908383458,5 
 .5784695383,0.6901059384\H,4.1614833999,4.473783555,-0.6601041194\H,5. 
 982554341,3.5606637228,0.7692126551\H,2.9170815095,5.519401363,3.11090 
 91057\H,5.2865430847,4.5822963499,2.9946459423\H,1.2179559297,4.559266 
 8085,1.5511117114\H,4.213111281,2.701983401,-0.7364514125\C,1.18219763 
 55,0.8057285407,2.1891305877\N,0.7134133452,-0.0547047572,1.1667933074 
 \C,-0.3066442654,-0.7100089148,1.6702567252\O,-0.5691130112,-0.3724939 
 167,2.9481070856\C,0.3696589418,0.5945804958,3.291785156\C,-1.14733159 
 99,-1.7129833018,1.0263060091\C,-2.7600015271,-3.6383938768,-0.2338418 
 036\C,-2.2464635098,-2.2757058363,1.7010911166\C,-0.8669326701,-2.1295 
 381927,-0.2886331249\C,-1.6686122169,-3.083974554,-0.9093836544\C,-3.0 
 433433518,-3.2297008296,1.0723884743\H,-2.4714260552,-1.9611796048,2.7 
 146593379\H,-0.0177791294,-1.7049419645,-0.8143472339\H,-1.4394741725, 
 -3.3981344135,-1.9236379281\H,-3.8889673344,-3.655487449,1.6049007798\ 
 H,-3.383087346,-4.3827349681,-0.7208220295\O,2.1928276915,1.5979347154 
 ,2.0390223163\C,0.3336438289,1.1490327731,4.6653757475\H,0.4773538628, 
 0.3783189551,5.4350548397\H,-0.6115058162,1.6614560096,4.8922558124\H, 
 1.1433147656,1.8767004998,4.7679045264\H,2.399519833,2.6018457059,0.94 
 35962547\H,4.9023340757,5.6242272962,1.6249260381\Cl,7.2712203066,-3.1 
 874433345,-2.3387296782\Cl,4.3074917418,-5.0476559982,1.8175021315\\Ve 
 rsion=ES64L-G09RevD.01\State=1-A\HF=-2453.8866162\RMSD=4.334e-09\RMSF= 
 8.604e-06\Dipole=-1.7893203,4.5772231,-0.2000971\Quadrupole=-11.035383 
 3,21.8100596,-10.7746763,12.5841156,8.9812287,0.767216\PG=C01 [X(C28H3 
 6Cl2N4O3)]\\@ 
 
TS1-R,S[IV] 
 1\1\GINC-R2517\FTS\RB3LYP\6-31G(d,p)\C39H45Cl2N5O5\ROOT\21-Aug-2015\0\ 
 \# b3lyp/6-31G** freq=noraman opt=(ts,calcfc,noeigen,maxcyc=200) scf=m 
 axcyc=200 scrf=(smd,solvent=dichloromethane) iop(1/8=1)\\TS for 1st C- 
 C Michael addition : R(elec),S(nuc) (DCM opt; catalyst IV)\\0,1\H,4.98 
 91043955,0.0876277169,0.7493370987\C,4.7332016263,1.002604251,0.237625 
 6504\C,4.086414231,3.3684266711,-1.0714144198\C,3.3821235592,1.3532049 
 876,0.0577869614\C,5.714013662,1.8587389361,-0.2507874476\C,5.43481562 
 54,3.0527589938,-0.911150754\C,3.0637738445,2.5536042025,-0.6081783066 
 \H,6.2198211244,3.7009945154,-1.2784590901\H,2.0278479054,2.8354455146 
 ,-0.7579702553\N,2.3131693302,0.5762865914,0.5022268014\H,1.3766174043 
 ,0.955463653,0.3426476248\C,2.3634607465,-0.6329465515,1.1818974309\N, 
 1.1226167714,-1.1619648586,1.4178549592\H,0.3095150632,-0.6406130823,1 
 .1015210273\C,0.9287061421,-2.3007450704,2.3070281817\H,1.9308190019,- 
 2.653039113,2.5571203701\O,3.4134658262,-1.1858122207,1.5295542197\C,0 
 .2569551601,-1.9009580618,3.6734905269\C,1.1042419156,-0.7881843987,4. 
 3210297531\H,1.0897493382,0.1289481207,3.7254764063\H,2.1480178743,-1. 
 0971086485,4.4457247073\H,0.7061708102,-0.544664085,5.3119213633\C,0.2 
 476785137,-3.1170819757,4.6231898575\H,-0.4317968298,-3.9081934639,4.2 
A7-9 
 
 898998397\H,-0.0844680064,-2.8086515121,5.6202988702\H,1.249014279,-3. 
 5510105813,4.7285397835\C,-1.1819580466,-1.3838239873,3.4871781372\H,- 
 1.585569152,-1.0538058859,4.4509340697\H,-1.8557325585,-2.1565233388,3 
 .1021606585\H,-1.2214311944,-0.5254995677,2.8086998572\C,0.1655300944, 
 -3.422909448,1.5851247293\H,0.0859355303,-4.2977069792,2.2322771148\H, 
 -0.8399069118,-3.0953400639,1.3132903737\N,0.7893999463,-3.891967226,0 
 .2967570596\C,2.8116126998,-4.7539473464,-0.9076142383\C,0.5314647327, 
 -5.5418050463,-1.5866264663\C,2.0101454266,-5.9291060686,-1.4773163936 
 \C,-0.0176391764,-5.0470045998,-0.2503623789\C,2.2433449941,-4.2679765 
 901,0.4250761919\H,2.8115769356,-3.9211954674,-1.620730617\H,0.4096432 
 269,-4.7529446785,-2.3359817159\H,0.0094664787,-5.8387806324,0.5054180 
 334\H,2.3012514098,-5.0491169493,1.1912281176\H,3.8575107752,-5.032140 
 5334,-0.7395339051\H,-0.0798210246,-6.3940346471,-1.9024068534\H,2.401 
 0418042,-6.2163881499,-2.4590701976\H,-1.0456769394,-4.6919435879,-0.3 
 484475652\H,2.7853921151,-3.3887127115,0.773755083\C,-0.6388584865,-1. 
 733559817,-2.0163044864\N,-1.7330217547,-1.7372954342,-1.148753331\C,- 
 2.7122167696,-1.1632960268,-1.8089257044\O,-2.3932500301,-0.7836880025 
 ,-3.067260695\C,-1.0240031522,-1.0204956582,-3.1910947357\C,-4.0882047 
 621,-0.9599025575,-1.3637761479\C,-6.7282963107,-0.5954658358,-0.48769 
 07681\C,-5.0423050272,-0.3664257219,-2.2096463188\C,-4.4738180021,-1.3 
 73029249,-0.0755977547\C,-5.7849113949,-1.1905866176,0.3557953929\C,-6 
 .352068518,-0.1862063255,-1.7696322375\H,-4.7555495699,-0.056107656,-3 
 .2085018456\H,-3.7387272896,-1.8359894799,0.5736194641\H,-6.0727457386 
 ,-1.5128629585,1.3522505349\H,-7.0808609687,0.2743068181,-2.4300781812 
 \H,-7.7499908411,-0.4526895397,-0.1483229815\O,0.5027891188,-2.2165283 
 891,-1.7460242814\C,-0.4812107272,-1.1536005799,-4.5722156538\H,0.6079 
 179071,-1.2361733597,-4.517376527\H,-0.7286231099,-0.2888806347,-5.196 
 6279818\H,-0.8607040019,-2.052263092,-5.07707853\H,0.6940501465,-3.108 
 0747172,-0.4379593173\C,-2.9210319214,3.1575627504,-1.1234490309\C,-2. 
 2497586735,2.560531797,-2.3487114771\C,-1.1616272671,1.6830736432,-1.7 
 857027087\C,-1.2378486395,1.7249336733,-0.3503097225\N,-2.2938607658,2 
 .614007995,0.0011682985\H,-1.8857800404,3.3731134815,-2.9895809907\H,- 
 3.0029523949,2.0105558405,-2.9263375932\C,-0.2213191607,0.9644617975,- 
 2.4922793119\O,-3.8367777557,3.9606176056,-1.0929605\O,-0.5319652384,1 
 .1758637779,0.5145490391\C,-2.6259758754,2.9758175826,1.3421629459\C,- 
 3.2768973443,3.6921419049,3.9596620062\C,-3.0842804661,2.0029979445,2. 
 2352305201\C,-2.4966705874,4.3067350289,1.7519940911\C,-2.8283467772,4 
 .6618992141,3.0597254608\C,-3.4019427957,2.3640777204,3.5453380657\H,- 
 2.1380626174,5.0525517831,1.0505974625\H,-2.7302979459,5.6964597349,3. 
 3752754477\H,-3.7555356669,1.6072151574,4.2393489644\H,-3.530175102,3. 
 9707127575,4.9784011055\H,0.6194362112,0.5174078409,-1.9724757752\H,-0 
 .0499686592,1.2074458077,-3.5361535126\H,-3.1991125363,0.9784550462,1. 
 8988480277\H,2.1179034575,-6.8024764167,-0.8197834961\Cl,7.4073252246, 
 1.4084578475,-0.019999314\Cl,3.6640401397,4.8692404934,-1.9000121703\\ 
 Version=ES64L-G09RevD.01\State=1-A\HF=-3083.7156681\RMSD=5.624e-09\RMS 
 F=1.775e-06\Dipole=-1.6861043,-5.0443331,0.8478474\Quadrupole=-31.9090 
 251,19.8672025,12.0418225,0.0891398,-8.2345024,-2.5799528\PG=C01 [X(C3 
 9H45Cl2N5O5)]\\@ 
 
TS1-R,R[IV] 
 1\1\GINC-R482\FTS\RB3LYP\6-31G(d,p)\C39H45Cl2N5O5\ROOT\20-Aug-2015\0\\ 
 # b3lyp/6-31G** freq=noraman opt=(ts,calcfc,noeigen,maxcyc=200) scf=ma 
 xcyc=200 scrf=(smd,solvent=dichloromethane) iop(1/8=1)\\TS for 1st C-C 
  Michael addition : S(elec),S(nuc) (DCM opt; catalyst IV)\\0,1\H,-6.21 
 75607295,0.4842191808,1.3299460777\C,-5.9711594385,-0.5549073392,1.172 
 521012\C,-5.3630050418,-3.2351888341,0.7493580046\C,-4.6593206646,-0.9 
 27608268,0.8279304513\C,-6.9358842492,-1.5491875642,1.2912349005\C,-6. 
 6731953195,-2.9025886163,1.0889608232\C,-4.3595982343,-2.2859196495,0. 
 6126455672\H,-7.4446769408,-3.6550742693,1.1891908835\H,-3.3539483056, 
 -2.584222593,0.339296035\N,-3.6080538304,-0.0165375649,0.7179727135\H, 
 -2.6890047278,-0.4048242227,0.4932475103\C,-3.7121679966,1.3637699502, 
 0.575770099\N,-2.4851422478,1.9820851085,0.5856883176\H,-1.6721030088, 
 1.3731345025,0.6250416846\C,-2.2920541579,3.3198177685,0.0343715206\H, 
 -3.259261614,3.6290231057,-0.3693859621\O,-4.7770717068,1.9712145222,0 
 .4498449292\C,-1.911852755,4.3806877928,1.1274912059\C,-3.087643471,4. 
 4851311903,2.1177194858\H,-3.2934360109,3.5252747088,2.5996178077\H,-4 
 .00466603,4.813835813,1.6172025806\H,-2.8534746081,5.211972365,2.90306 
 63286\C,-1.7005161876,5.7584193355,0.4680841942\H,-0.7936758685,5.7968 
 681717,-0.1442139323\H,-1.6005887115,6.5299907505,1.2388669627\H,-2.55 
 20932921,6.0348618185,-0.165029645\C,-0.6435118396,3.973134919,1.90011 
 03056\H,-0.4326087494,4.7073577188,2.6850284723\H,0.2421331342,3.92665 
 56561,1.2575287285\H,-0.767353365,2.9995822016,2.3860837168\C,-1.25613 
 44155,3.265552787,-1.1080540956\H,-1.2716991563,4.1908907165,-1.684719 
 7654\H,-0.2468972294,3.1220184484,-0.7168766757\N,-1.4628342238,2.1392 
 820226,-2.0933465702\C,-2.9849126359,0.9873297427,-3.713503989\C,-0.50 
 93828582,1.0194428435,-4.1349731462\C,-1.8945925459,0.9899920953,-4.78 
 99271038\C,-0.3691272809,2.170731405,-3.1428612462\C,-2.8238610996,2.1 
 58419927,-2.7486026274\H,-2.9568084118,0.0478522819,-3.1473204575\H,-0 
 .3130049095,0.0757117866,-3.6144234176\H,-0.4465205271,3.1427899909,-3 
A7-10 
 
 .6380837012\H,-2.8988096405,3.1185726355,-3.2685575542\H,-3.9821784231 
 ,1.0605454937,-4.1593268114\H,0.279277173,1.1370040314,-4.8859846079\H 
 ,-1.9903481155,0.1073539335,-5.4301678269\H,0.5792112012,2.1170615913, 
 -2.6059789833\H,-3.5796172265,2.1283781828,-1.965167393\C,0.1236428619 
 ,-0.8339461729,-0.5062648146\N,1.1728541111,-0.5684132987,-1.364298042 
 3\C,2.0651385327,-1.5153797075,-1.1377771625\O,1.6856288102,-2.4291197 
 94,-0.2227367933\C,0.5150682581,-1.9229836911,0.3463158455\C,3.3276168 
 392,-1.7251054014,-1.8367529389\C,5.729629654,-2.1365790798,-3.2218360 
 603\C,4.1358641091,-2.8380362226,-1.5401102642\C,3.7366716249,-0.82031 
 31647,-2.8326309676\C,4.9308127403,-1.0277556724,-3.5176261582\C,5.327 
 8426426,-3.038776129,-2.2324978549\H,3.8260782029,-3.5372118324,-0.771 
 4384791\H,3.1125289132,0.0371828293,-3.0598411803\H,5.2404356298,-0.32 
 3778669,-4.2844469641\H,5.9437223204,-3.9025785483,-2.0001673136\H,6.6 
 598810837,-2.2964449664,-3.7590079805\O,-0.9491979294,-0.1459217541,-0 
 .4419675996\C,-0.3767162439,-2.9272228089,1.0018483766\H,0.1896358112, 
 -3.5694667093,1.6827741943\H,-0.8778540011,-3.5697336832,0.267258369\H 
 ,-1.1444686866,-2.4127506631,1.5864712854\H,-1.3378962189,1.2372057803 
 ,-1.567290143\C,4.1255215175,1.5108015561,1.0898494894\C,2.625161477,1 
 .2630978085,1.1223109999\C,2.4903761225,-0.1493413436,1.6191600846\C,3 
 .80290762,-0.704975645,1.8192064053\N,4.7560368208,0.340747433,1.49688 
 2526\H,2.2268278926,1.4186910102,0.1112168328\H,2.1575752525,2.0164422 
 93,1.7706704332\C,1.3199271462,-0.8344998548,1.9257070624\O,4.68551258 
 81,2.5461784096,0.7604615211\O,4.1560588519,-1.8129651386,2.2171575911 
 \C,6.1648834172,0.1947635257,1.6294694311\C,8.936531297,-0.0975361616, 
 1.8971123622\C,6.8003014581,-0.9509775943,1.1339674448\C,6.9188087905, 
 1.1936383971,2.2600771224\C,8.3002711451,1.0464157503,2.3845515035\C,8 
 .1806653869,-1.0942738655,1.2760385796\H,6.4243362728,2.0781067134,2.6 
 433176086\H,8.878280214,1.8270251309,2.8710209628\H,8.6659813063,-1.98 
 6706122,0.8911888565\H,10.0119223185,-0.2105661208,1.9998324102\H,1.42 
 88790497,-1.7309650645,2.5308372613\H,0.4099384812,-0.2670224426,2.111 
 8585231\H,6.2133859229,-1.7188972685,0.646297499\H,-2.0190300999,1.870 
 6134017,-5.4337875683\Cl,-8.5803400482,-1.0730615846,1.7253818964\Cl,- 
 4.965186973,-4.9327644385,0.4754900005\\Version=ES64L-G09RevD.01\State 
 =1-A\HF=-3083.7074153\RMSD=4.068e-09\RMSF=2.397e-06\Dipole=-1.5747522, 
 2.8645108,-4.4081883\Quadrupole=-44.2062198,18.7393862,25.4668336,-14. 
 7418833,0.0607935,-7.0849078\PG=C01 [X(C39H45Cl2N5O5)]\\@ 
 
TS1-S,R[IV] 
 1\1\GINC-R699\FTS\RB3LYP\6-31G(d,p)\C39H45Cl2N5O5\ROOT\21-Aug-2015\0\\ 
 # b3lyp/6-31G** freq=noraman opt=(ts,calcfc,noeigen,maxcyc=200) scf=ma 
 xcyc=200 scrf=(smd,solvent=dichloromethane) iop(1/8=1)\\TS for 1st C-C 
  Michael addition : S(elec),R(nuc) (DCM opt; catalyst IV)\\0,1\H,-5.12 
 1595721,-1.1765814732,-1.386096084\C,-5.1572506725,-0.1443358116,-1.07 
 32109688\C,-5.2610522386,2.5127415164,-0.2593697798\C,-3.9662778402,0. 
 5390783807,-0.7663466244\C,-6.3636500335,0.5373588053,-0.9573983985\C, 
 -6.461035211,1.8665079617,-0.5526865586\C,-4.0272640501,1.8858263872,- 
 0.3578549142\H,-7.4149557279,2.370985464,-0.469940424\H,-3.1170716027, 
 2.4259176867,-0.1227313319\N,-2.7001357634,-0.0375406766,-0.8537239064 
 \H,-1.9212153172,0.5517588148,-0.5669390018\C,-2.3783510064,-1.3584188 
 215,-1.141855403\N,-1.0270253802,-1.5838095064,-1.1367884319\H,-0.4197 
 240205,-0.8373463888,-0.7997735989\C,-0.4749657426,-2.9234208251,-1.30 
 28176275\H,-1.3286574653,-3.6041215802,-1.2917126386\O,-3.2141644651,- 
 2.2330740458,-1.3872795993\C,0.2217604323,-3.1434192946,-2.6945734668\ 
 C,-0.7931893856,-2.7998364421,-3.8018595519\H,-1.070548845,-1.74208716 
 96,-3.7789976458\H,-1.7103628534,-3.3898426917,-3.7040460815\H,-0.3591 
 354421,-3.0095447882,-4.7855540458\C,0.6181682822,-4.6267669979,-2.843 
 217327\H,1.4307656386,-4.9154027497,-2.1691588607\H,0.9641036592,-4.82 
 04154132,-3.8641332307\H,-0.2342506728,-5.2896537438,-2.6523431093\C,1 
 .4676622488,-2.2557083242,-2.8645535766\H,1.8816886057,-2.379227899,-3 
 .8715470926\H,2.258720626,-2.5097118765,-2.152471181\H,1.2220826748,-1 
 .1954686107,-2.7398045797\C,0.4543833776,-3.2404801359,-0.1221844749\H 
 ,0.8456376007,-4.2552412293,-0.2044907062\H,1.2959204884,-2.5443297146 
 ,-0.0884376284\N,-0.1972602696,-3.1424076424,1.235015773\C,-2.01532976 
 04,-3.9018393887,2.7874009547\C,0.2557167074,-3.3591632132,3.701418764 
 3\C,-0.9849223375,-4.2435834658,3.868499851\C,0.8352373668,-3.46699091 
 34,2.2937617227\C,-1.4245248063,-4.0073007113,1.3821070672\H,-2.394333 
 5346,-2.8844780846,2.9398508551\H,-0.0057977054,-2.3142480682,3.899304 
 8626\H,1.1848209166,-4.4834381326,2.0863542628\H,-1.115502035,-5.03247 
 54043,1.1530615269\H,-2.8770690558,-4.5760767763,2.8338820314\H,1.0436 
 881131,-3.6423396771,4.4075353697\H,-1.4200281602,-4.1030998585,4.8634 
 71874\H,1.6613767428,-2.7694752718,2.1380656698\H,-2.1511049167,-3.683 
 1962322,0.6370215915\C,-0.362099482,0.4596025237,1.7732465792\N,-0.021 
 9764296,0.8465578152,0.4734663779\C,0.4571611477,2.0719594578,0.573117 
 7882\O,0.4252764577,2.5763209821,1.8209578648\C,0.0427916535,1.5186177 
 964,2.6527484993\C,0.9308803029,2.9334129957,-0.5042719721\C,1.8326923 
 19,4.5778442879,-2.5888459477\C,1.3630201554,4.2457195413,-0.237866463 
 5\C,0.9549406889,2.4554970176,-1.8272100541\C,1.4012823418,3.275471755 
 1,-2.8594047591\C,1.81136641,5.0581900834,-1.276863209\H,1.3380092459, 
 4.6242847958,0.7779528375\H,0.6216868674,1.4444513424,-2.0349805836\H, 
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 1.4153994746,2.8979517236,-3.8774387533\H,2.1430004833,6.0695053781,-1 
 .0614625673\H,2.1828131639,5.2140607243,-3.3962148637\O,-0.8519126382, 
 -0.6604453159,2.0891230914\C,-0.5845275165,1.8911991886,3.9548252987\H 
 ,-0.7557145816,0.9821219376,4.5381378731\H,-1.5534651161,2.3870204992, 
 3.8132065999\H,0.0554064286,2.5590558441,4.5400746062\H,-0.4832456303, 
 -2.1332642081,1.4092600772\C,4.8341339109,1.9936949421,1.1363969182\C, 
 3.8200900463,2.2688037909,2.2344162369\C,2.972365905,1.0255138774,2.27 
 78280594\C,3.4091887382,0.1247944223,1.2434423814\N,4.5349754697,0.747 
 0831497,0.5905292887\H,3.267905094,3.1811493574,1.9723780787\H,4.35540 
 01787,2.4819842148,3.1686948109\C,1.9748021391,0.7250236165,3.18920154 
 33\O,5.7467978506,2.7212459262,0.7788662918\O,3.0038573825,-0.99649996 
 75,0.9256120327\C,5.284940698,0.1397594744,-0.4558537068\C,6.757516029 
 8,-1.0505038904,-2.5142981353\C,4.6281012851,-0.368053586,-1.582359821 
 5\C,6.6792480054,0.0543295443,-0.3599988875\C,7.4099197565,-0.53423642 
 14,-1.3922687487\C,5.366058128,-0.9670807479,-2.6037292402\H,7.1824584 
 443,0.4497440781,0.5147349353\H,8.4917192347,-0.5936631728,-1.31464297 
 45\H,4.8513066542,-1.361103057,-3.4752097535\H,7.3293227083,-1.5121621 
 122,-3.3139965393\H,1.6313964889,-0.302648493,3.2641877288\H,1.9385549 
 445,1.2912777445,4.1159072639\H,3.5503222075,-0.2872160665,-1.65338117 
 15\H,-0.7014065622,-5.3017554185,3.7879286737\Cl,-5.315801731,4.198496 
 2231,0.2617457462\Cl,-7.8535771961,-0.3295355609,-1.344248658\\Version 
 =ES64L-G09RevD.01\State=1-A\HF=-3083.7114411\RMSD=2.770e-09\RMSF=1.359 
 e-06\Dipole=0.8138861,-3.0556121,1.1249227\Quadrupole=-51.0365535,28.5 
 077316,22.5288219,-9.917088,-11.720821,-8.2892595\PG=C01 [X(C39H45Cl2N 
 5O5)]\\@ 
 
TS1-S,S[IV] 
 1\1\GINC-R963\FTS\RB3LYP\6-31G(d,p)\C39H45Cl2N5O5\ROOT\20-Aug-2015\0\\ 
 # b3lyp/6-31G** freq=noraman opt=(ts,calcfc,noeigen,maxcyc=200) scf=ma 
 xcyc=200 scrf=(smd,solvent=dichloromethane) iop(1/8=1)\\TS for 1st C-C 
  Michael addition : R(elec),R(nuc) (DCM opt; catalyst IV)\\0,1\H,5.240 
 3089142,-0.3838192791,-1.5065609592\C,4.9807324205,-1.2738083416,-0.95 
 44164236\C,4.3226871172,-3.5695130355,0.4694765438\C,3.6753546642,-1.4 
 364035024,-0.456320104\C,5.9133866675,-2.2774563419,-0.7165727927\C,5. 
 6262328495,-3.4413755574,-0.0078700214\C,3.3494854198,-2.6019926682,0. 
 2638225274\H,6.3723423162,-4.2066458423,0.1617183451\H,2.3453822589,-2 
 .7417771555,0.6478082443\N,2.6558920251,-0.5017061122,-0.6402946635\H, 
 1.7628614403,-0.7204365678,-0.2023557744\C,2.7337446301,0.7378729734,- 
 1.2626975411\N,1.5354114815,1.4019875197,-1.2673432485\H,0.7410004034, 
 0.9641089443,-0.8008872699\C,1.3900758315,2.726164761,-1.8564671747\H, 
 2.3998849914,3.0463188936,-2.1217722309\O,3.7691932865,1.1975996123,-1 
 .7535983528\C,0.5638265304,2.7171611324,-3.1942673472\C,1.2948863595,1 
 .8142894533,-4.2066769872\H,1.3414342588,0.7772406661,-3.8620368018\H, 
 2.3193185146,2.1573503812,-4.387294948\H,0.7631040992,1.8207259015,-5. 
 164247327\C,0.4986076183,4.1455953777,-3.7729469581\H,-0.1218860011,4. 
 8151425024,-3.168769364\H,0.0612607989,4.1206147914,-4.7766699653\H,1. 
 4973522807,4.5900229037,-3.859494912\C,-0.8646824241,2.1778386984,-2.9 
 913445527\H,-1.3853768345,2.133596283,-3.9538862735\H,-1.4680899292,2. 
 8091554774,-2.3316937658\H,-0.8597812411,1.1622396532,-2.5813880451\C, 
 0.8076464816,3.7104986017,-0.8251771175\H,0.9016114237,4.7349677317,-1 
 .1877961812\H,-0.250051164,3.5081839745,-0.644136491\N,1.4612143426,3. 
 6690615997,0.530504008\C,3.5508955729,3.8431894855,1.8950946138\C,1.37 
 04861177,4.642565217,2.8497308209\C,2.8886555053,4.8546755412,2.836851 
 1695\C,0.7869235176,4.6742111532,1.4394131528\C,2.9522892787,3.9001516 
 635,0.4912436661\H,3.4341352313,2.8277512249,2.2920472713\H,1.12961554 
 53,3.6780282941,3.3084083079\H,0.9188817374,5.654941507,0.9720744352\H 
 ,3.1020262319,4.8826158806,0.0314853847\H,4.6259100831,4.0312110306,1. 
 8050739597\H,0.8677597906,5.4210278441,3.4335463522\H,3.2933893835,4.7 
 52484273,3.8488795512\H,-0.2767088659,4.4271806716,1.4411246799\H,3.39 
 47370402,3.1404207206,-0.1526606633\C,0.1344073073,0.4603170545,1.9323 
 975058\N,-0.134900555,-0.1857138489,0.7232596019\C,-0.8504523597,-1.25 
 44789319,1.0324291086\O,-1.0450304962,-1.4197657273,2.3514709182\C,-0. 
 5672549473,-0.256971683,2.9610314094\C,-1.3429864263,-2.2882319479,0.1 
 297105329\C,-2.2617302181,-4.2874739689,-1.6087779408\C,-2.0962092253, 
 -3.3690446549,0.6253141103\C,-1.0576414732,-2.2200503422,-1.2463843321 
 \C,-1.5147100366,-3.2153542002,-2.1056992407\C,-2.5491787873,-4.360014 
 2284,-0.2425374419\H,-2.3238989179,-3.423636552,1.6837618424\H,-0.4748 
 9576,-1.3907441071,-1.6329207624\H,-1.2877658336,-3.154841594,-3.16590 
 06611\H,-3.1281199786,-5.1911308146,0.1490865163\H,-2.6171186479,-5.06 
 18467835,-2.2820425348\O,0.7942313156,1.5300455934,2.053054015\C,-0.18 
 07872432,-0.3666536107,4.39846724\H,0.6660130989,-1.0499025372,4.54163 
 65752\H,-1.0101009031,-0.7195865352,5.0194605339\H,0.1222037137,0.6205 
 86678,4.7580732621\H,1.2694005635,2.7214101804,0.9667600337\C,-4.06104 
 70419,1.3425526971,-0.3121432184\C,-2.9729499889,1.7831199941,0.652903 
 9172\C,-3.1035342906,0.8455839423,1.8188326788\C,-4.1515654378,-0.1050 
 162872,1.5433555988\N,-4.7091137669,0.2489407761,0.2508396064\H,-3.126 
 0099553,2.8413489223,0.9038265694\H,-2.0061619709,1.7102446654,0.13847 
 30586\C,-2.3812057063,0.8764992637,2.9987551494\O,-4.3194673247,1.8482 
 931355,-1.3948580393\O,-4.5894379393,-1.0359674885,2.2144781507\C,-5.8 
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 107369543,-0.4238832207,-0.3489832492\C,-7.9816116802,-1.7447948954,-1 
 .5247866688\C,-5.8511208817,-1.823783533,-0.3709231982\C,-6.85920652,0 
 .3137163056,-0.9152070702\C,-7.9346154132,-0.3490065821,-1.5063036642\ 
 C,-6.9386911225,-2.4761630888,-0.952356618\H,-6.8263679563,1.396394449 
 9,-0.8959197045\H,-8.7408790294,0.2303722996,-1.9471567852\H,-6.964306 
 4938,-3.5621446337,-0.9632252665\H,-8.8231574459,-2.2571974426,-1.9817 
 968078\H,-2.7541539254,0.2776146328,3.8248286731\H,-1.8602213921,1.788 
 8403472,3.2798947287\H,-5.0388591609,-2.3898289336,0.0669772916\H,3.11 
 80597065,5.874414783,2.4998765202\Cl,7.5493636307,-2.0640691692,-1.348 
 0748599\Cl,3.8949638698,-5.0252123146,1.3706321387\\Version=ES64L-G09R 
 evD.01\State=1-A\HF=-3083.7090601\RMSD=8.231e-09\RMSF=1.526e-06\Dipole 
 =1.6288466,4.5580519,0.2963495\Quadrupole=-47.0147232,44.3185016,2.696 
 2216,22.6272943,16.019332,13.3977369\PG=C01 [X(C39H45Cl2N5O5)]\\@ 
 
TS1r-R,R[IV] 
 1\1\GINC-R482\FTS\RB3LYP\6-31G(d,p)\C39H45Cl2N5O5\ROOT\21-Aug-2015\0\\ 
 # b3lyp/6-31G** freq=noraman opt=(ts,calcfc,noeigen,maxcyc=200) scf=ma 
 xcyc=200 scrf=(smd,solvent=dichloromethane) iop(1/8=1)\\TS for 1st C-C 
  Michael addition rotamer 1: R(elec),S(nuc) (DCM opt; catalyst IV)\\0, 
 1\H,-3.0622328314,3.5693359175,-1.0582603681\C,-3.3663789499,2.7057781 
 631,-1.6292856776\C,-4.1625173285,0.4861755909,-3.1040209146\C,-2.9068 
 30802,1.4262356024,-1.2672491263\C,-4.2132671403,2.8224681998,-2.72606 
 7853\C,-4.6371925359,1.7383900975,-3.4909161016\C,-3.3120868853,0.3081 
 833092,-2.0224985151\H,-5.2995014067,1.8603931704,-4.3380434567\H,-2.9 
 568503339,-0.6813660491,-1.7585295657\N,-2.0576014579,1.181319184,-0.1 
 881148274\H,-1.8622856849,0.2011677315,0.0159375532\C,-1.4827605776,2. 
 1086674097,0.6696209167\N,-0.6501901761,1.536068545,1.5932091437\H,-0. 
 5781763206,0.5208847608,1.5938247978\C,-0.1311036118,2.2861370009,2.73 
 0589778\H,-0.5096308161,3.3027410639,2.6118116645\O,-1.6902925026,3.32 
 59229747,0.6033048642\C,-0.7031723217,1.7717255025,4.1050966087\C,-2.2 
 421448005,1.7846692003,4.021094137\H,-2.6142434932,1.0815056748,3.2710 
 096959\H,-2.6222014152,2.7812836396,3.7695852767\H,-2.6703757653,1.496 
 7190709,4.9870924881\C,-0.2742610255,2.7292870293,5.236738062\H,0.7970 
 261268,2.6742133461,5.4548885764\H,-0.8021342171,2.4718936895,6.161155 
 9387\H,-0.5192591116,3.7702878969,4.9953731122\C,-0.2347109807,0.34204 
 72218,4.4419397448\H,-0.7034393971,0.0105796363,5.3748955324\H,0.84918 
 42861,0.2819072364,4.5861594776\H,-0.518580163,-0.3780197979,3.6669379 
 188\C,1.4080963173,2.3203096532,2.7228589176\H,1.7682444782,2.89538397 
 53,3.5769649877\H,1.817511109,1.3100068033,2.7928711331\N,2.0558119443 
 ,2.9310563712,1.5036758484\C,2.2224814587,4.8460693429,-0.1004170251\C 
 ,4.2906023344,3.5774052334,0.5286150791\C,3.735068592,4.9450711193,0.1 
 182294538\C,3.5498649032,3.0071952502,1.7359118396\C,1.5048017594,4.28 
 49024124,1.1259969057\H,2.0102931887,4.2015012838,-0.9615607141\H,4.21 
 44410453,2.8695310742,-0.3027532536\H,3.6950224717,3.6326721309,2.6224 
 044138\H,1.6385210042,4.9332611172,1.9987851769\H,1.7872285147,5.82717 
 20702,-0.3176840099\H,5.3505009855,3.6459876193,0.7977655078\H,4.22952 
 01036,5.2955703459,-0.7937416123\H,3.8842554521,1.9924526554,1.9626412 
 25\H,0.4394769177,4.1666224079,0.9272238821\C,2.5068103812,0.332066328 
 9,-1.0045297945\N,3.9064522311,0.2628823649,-0.9348248982\C,4.22755121 
 1,-0.9102223726,-1.4205162328\O,3.1800649714,-1.6729990566,-1.80390942 
 48\C,2.0331046709,-0.9421364677,-1.4464318057\C,5.5694670359,-1.465761 
 5573,-1.5789226383\C,8.1563342731,-2.5028737001,-1.8754866014\C,5.7581 
 214767,-2.7771194639,-2.0498996533\C,6.6904106545,-0.6795336078,-1.257 
 9990426\C,7.9737062043,-1.1976089234,-1.4079450485\C,7.0456083033,-3.2 
 884943853,-2.1956992438\H,4.8969757393,-3.3881945169,-2.2978479605\H,6 
 .5413927365,0.3323255055,-0.8964822199\H,8.8342662207,-0.5833163768,-1 
 .1597507069\H,7.1822959612,-4.3027687099,-2.5589852858\H,9.1587629848, 
 -2.9047054494,-1.9900909096\O,1.8109873255,1.3204239012,-0.6360986417\ 
 C,0.7867217795,-1.2410322826,-2.1981686235\H,0.0556868598,-0.461502022 
 ,-1.9673369389\H,0.3533063664,-2.208743937,-1.9156944125\H,0.955562660 
 8,-1.2411281676,-3.2820548541\H,1.9249823556,2.2736137436,0.6746509346 
 \C,-0.5058704986,-4.757760564,0.7182984756\C,0.8782449978,-4.173432546 
 ,0.4853736833\C,0.683976204,-2.6903648045,0.6601039286\C,-0.7054669315 
 ,-2.432506678,0.8945767005\N,-1.3809961866,-3.6891265411,0.9429254706\ 
 H,1.2178926515,-4.4663288992,-0.5165240514\H,1.5800497943,-4.621734317 
 ,1.1998964685\C,1.63556315,-1.6926238082,0.617109533\O,-0.8239220327,- 
 5.9340078475,0.7108754753\O,-1.3045864541,-1.3556756473,1.0815945922\C 
 ,-2.7674949372,-3.8463167553,1.2379276907\C,-5.4821104752,-4.157306369 
 6,1.8252158011\C,-3.7259478342,-3.1384014625,0.5051084033\C,-3.1656411 
 334,-4.7126766982,2.2628074503\C,-4.5219910509,-4.8695034183,2.5478323 
 437\C,-5.0795058969,-3.2911716012,0.8063477071\H,-2.4179503913,-5.2572 
 69729,2.8280116031\H,-4.8265971882,-5.5449902143,3.341877794\H,-5.8194 
 141192,-2.7364387499,0.2368382913\H,-6.5369943501,-4.2773386571,2.0538 
 82525\H,2.6858865082,-1.9505870238,0.7212142728\H,1.348779886,-0.70509 
 97552,0.9634191059\H,-3.4126693962,-2.4793895441,-0.2958693367\H,3.946 
 4511508,5.683590915,0.9033874931\Cl,-4.7840338675,4.4336654085,-3.1736 
 012638\Cl,-4.6647499433,-0.9299684239,-4.0303607908\\Version=ES64L-G09 
 RevD.01\State=1-A\HF=-3083.7086238\RMSD=6.553e-09\RMSF=1.971e-06\Dipol 
 e=4.0273897,2.2766296,3.4541089\Quadrupole=10.8028334,-15.4614948,4.65 
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 86614,13.874188,0.3365149,18.1161048\PG=C01 [X(C39H45Cl2N5O5)]\\@ 
 
int1-R,S[IV] 
 1\1\GINC-R269\FOpt\RB3LYP\6-31G(d,p)\C39H45Cl2N5O5\ROOT\20-Aug-2015\0\ 
 \# b3lyp/6-31G** freq=noraman opt=maxcyc=200 scf=maxcyc=200 scrf=(smd, 
 solvent=dichloromethane)\\1st C-C Michael addition product: R(elec),S( 
 nuc) (DCM opt; catalyst IV)\\0,1\H,4.9798922549,-0.2699305908,0.238263 
 6766\C,4.7288330774,0.708470126,-0.1414619588\C,4.0925211689,3.2303751 
 188,-1.1190894895\C,3.3992235456,1.16777631,-0.0687034923\C,5.69199804 
 25,1.5368107213,-0.7053778528\C,5.4178901289,2.80643553,-1.2077427814\ 
 C,3.0873149835,2.450450013,-0.5660285025\H,6.1890390499,3.4290859623,- 
 1.6421973916\H,2.0704305863,2.8225719647,-0.5165562744\N,2.3514647016, 
 0.4255958099,0.4679368665\H,1.4062889897,0.8455892023,0.4388807861\C,2 
 .4211973362,-0.8229905078,1.0632458097\N,1.195170696,-1.2785038388,1.4 
 772016442\H,0.3863681,-0.6792148604,1.3142907058\C,1.0616769561,-2.486 
 0692301,2.2790343731\H,2.0595952871,-2.9252699164,2.3207588492\O,3.465 
 1264843,-1.4737864861,1.2043312798\C,0.656973105,-2.2055142239,3.77261 
 25522\C,1.7021212875,-1.2499560992,4.3810302019\H,1.7025860699,-0.2787 
 83979,3.8784081614\H,2.7134388568,-1.6659298128,4.3144977087\H,1.47948 
 60407,-1.076010149,5.4392491758\C,0.6825127323,-3.5243953023,4.5727692 
 502\H,-0.1251691929,-4.2068293403,4.2891403151\H,0.5627011922,-3.31420 
 59876,5.6409903994\H,1.6354108494,-4.0518125559,4.4452953997\C,-0.7350 
 277844,-1.5574480204,3.8839213853\H,-0.955712555,-1.3271059626,4.93199 
 46642\H,-1.5327031793,-2.2157286234,3.5222969954\H,-0.7848351189,-0.61 
 76749137,3.3261634975\C,0.1059697791,-3.4710266259,1.5883528962\H,0.03 
 28222847,-4.4030757839,2.1499748643\H,-0.892901631,-3.0390747356,1.494 
 5421023\N,0.5108295052,-3.8495513744,0.1838899213\C,2.2484374697,-4.82 
 35867263,-1.3457063212\C,-0.1808751883,-5.2093789673,-1.8224800846\C,1 
 .226447947,-5.8058086205,-1.9257600961\C,-0.5144058263,-4.8048925997,- 
 0.3892414497\C,1.9076814622,-4.4204672913,0.0878735609\H,2.2991380445, 
 -3.9234326047,-1.9703505059\H,-0.2636875505,-4.3341370747,-2.476609411 
 7\H,-0.5294633134,-5.6751523914,0.2733549644\H,1.9365326404,-5.2810857 
 334,0.7639224163\H,3.2534366008,-5.2578743302,-1.3330772366\H,-0.94191 
 67285,-5.9264568388,-2.1477317971\H,1.466976444,-6.0320359547,-2.96947 
 9707\H,-1.4789689767,-4.2975369422,-0.3302818278\H,2.5993139813,-3.658 
 3051346,0.4471948922\C,-0.7871138274,-1.1991979229,-1.9164198934\N,-2. 
 0177186082,-1.4900961676,-1.3636792831\C,-2.8827063425,-0.7618568269,- 
 2.0385200697\O,-2.4030632218,-0.008879296,-3.034660771\C,-0.9488099721 
 ,-0.1128040158,-2.9686118064\C,-4.3250002988,-0.7433058951,-1.81284502 
 21\C,-7.0795310173,-0.7250352942,-1.3596682914\C,-5.1699308698,0.00908 
 67941,-2.6470894916\C,-4.86872165,-1.4884136349,-0.7519216522\C,-6.241 
 5593263,-1.4754322831,-0.5284300283\C,-6.5429598742,0.0145868927,-2.41 
 73374568\H,-4.7493206251,0.5795443727,-3.4674769988\H,-4.2076132326,-2 
 .0643208639,-0.1139426738\H,-6.6608409551,-2.0474788078,0.2934055396\H 
 ,-7.1948047522,0.5960275954,-3.0617389944\H,-8.1508459812,-0.716341557 
 6,-1.1818493448\O,0.2894989565,-1.7223036677,-1.6220465596\C,-0.407458 
 8303,-0.5143650112,-4.3322081927\H,0.6783229903,-0.6246289633,-4.26596 
 38329\H,-0.6354764249,0.2571571716,-5.072600182\H,-0.8331474627,-1.464 
 6706209,-4.6674043703\H,0.467835057,-2.9832714172,-0.405864016\C,-2.62 
 85045067,3.5374385564,-0.3884496298\C,-2.1337130986,3.0624904816,-1.74 
 70788649\C,-1.1358185472,1.9843089994,-1.425486193\C,-1.0581409743,1.8 
 093548014,-0.0630975179\N,-1.9889352745,2.7682504671,0.5642454423\H,-1 
 .7174006224,3.9228497775,-2.2933572304\H,-3.0045860448,2.7277924814,-2 
 .3307095445\C,-0.3515721349,1.2511771711,-2.4577681382\O,-3.451605009, 
 4.4220154564,-0.1729040559\O,-0.3546244435,1.0514728042,0.6805147089\C 
 ,-2.2395388492,2.8639852505,1.9544886691\C,-2.7984930829,3.0533479934, 
 4.6972147495\C,-2.5014230847,1.7079636924,2.7031443195\C,-2.2608364014 
 ,4.1157913749,2.5862533022\C,-2.5451082512,4.2055335817,3.9491202167\C 
 ,-2.7716125483,1.8061814496,4.0682519354\H,-2.062072023,5.0095909519,2 
 .0068194365\H,-2.562903377,5.18088434,4.4275127923\H,-2.9732163343,0.9 
 041294831,4.6391500164\H,-3.0168670176,3.1266065569,5.7587515729\H,0.6 
 549741806,0.9932066288,-2.1062070396\H,-0.2256219582,1.8785236524,-3.3 
 485188855\H,-2.4937244709,0.7445095103,2.2085262046\H,1.2680039101,-6. 
 7533162156,-1.3721747613\Cl,7.3566024086,0.94601451,-0.7916322711\Cl,3 
 .6794121876,4.8327100349,-1.7368929769\\Version=ES64L-G09RevD.01\State 
 =1-A\HF=-3083.7360814\RMSD=3.907e-09\RMSF=6.552e-06\Dipole=-2.4243257, 
 -8.162646,-0.7178037\Quadrupole=-25.0721893,13.2622187,11.8099706,12.5 
 980017,4.4475955,-3.6636383\PG=C01 [X(C39H45Cl2N5O5)]\\@ 
 
int1-R,R[IV] 
 1\1\GINC-R552\FOpt\RB3LYP\6-31G(d,p)\C39H45Cl2N5O5\ROOT\20-Aug-2015\0\ 
 \# b3lyp/6-31G** freq=noraman opt=maxcyc=200 scf=maxcyc=200 scrf=(smd, 
 solvent=dichloromethane)\\1st C-C Michael addition product: S(elec),S( 
 nuc) (DCM opt; catalyst IV)\\0,1\H,5.8068673197,-0.2318945095,-1.33799 
 08995\C,5.5901540675,-1.1587930465,-0.8297880354\C,5.0480892923,-3.553 
 7408177,0.4739562281\C,4.2839511329,-1.4349478029,-0.3888569756\C,6.58 
 39679803,-2.1040139236,-0.5972123663\C,6.3552942649,-3.3145045038,0.05 
 16973101\C,4.015309913,-2.6493764206,0.272704414\H,7.1476893197,-4.032 
 725235,0.2178384642\H,3.0102489269,-2.8685835467,0.6148331449\N,3.1993 
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 025149,-0.5722377947,-0.5805086469\H,2.292184782,-0.931848491,-0.26172 
 43981\C,3.2317935521,0.719230069,-1.0596043552\N,1.9884324993,1.329214 
 0703,-1.074026058\H,1.1674499138,0.7661225203,-0.8727601541\C,1.791930 
 8152,2.5970132472,-1.7779980116\H,2.7919832756,2.9168935222,-2.0750256 
 011\O,4.2565627556,1.3071230127,-1.4166472219\C,0.9601612873,2.4724895 
 341,-3.1030565133\C,1.6304772509,1.4120079865,-3.997451464\H,1.5778561 
 356,0.4139313261,-3.5531741665\H,2.6844338702,1.6482645833,-4.18028996 
 61\H,1.1228432218,1.3682341007,-4.9665869534\C,0.9911906484,3.82598483 
 73,-3.8434375526\H,0.4576214621,4.6136021249,-3.3014538081\H,0.5085035 
 669,3.7253779478,-4.821217183\H,2.0192363332,4.1658607411,-4.014678316 
 2\C,-0.5034366506,2.064032554,-2.8487302831\H,-1.0149607342,1.90626870 
 67,-3.8040116997\H,-1.0646075507,2.8346468882,-2.3096492083\H,-0.58118 
 19355,1.1276461526,-2.2861826082\C,1.2053512653,3.6306258263,-0.799094 
 932\H,1.2327289679,4.6408140375,-1.2079039587\H,0.17502603,3.381561489 
 9,-0.5403389454\N,1.9568546512,3.6652094764,0.5086493984\C,4.089652703 
 7,4.1830725923,1.7214218941\C,1.8867516318,4.3577777747,2.9170193898\C 
 ,3.3107999274,4.9159214516,2.8188504128\C,1.1706249117,4.4031972913,1. 
 5715285429\C,3.3625300764,4.2158412131,0.3796061949\H,4.2583833216,3.1 
 383485609,2.012796727\H,1.9117003434,3.3213132174,3.2777521294\H,1.057 
 1098087,5.428049737,1.2080323516\H,3.2500686492,5.2354390843,0.0004563 
 706\H,5.0769824063,4.6307034486,1.5695178362\H,1.2851473985,4.92846367 
 13,3.6316926649\H,3.8241754113,4.8107200556,3.7797588119\H,0.187057765 
 6,3.9327130348,1.6183893809\H,3.8820319072,3.607208206,-0.360515526\C, 
 -0.1560164342,-1.246644568,1.0854755945\N,-0.7286671338,-0.0170480532, 
 0.8409654162\C,-1.76348987,0.052909863,1.6657880017\O,-1.8924883671,-0 
 .9437029925,2.549291968\C,-1.0210600951,-2.0005391779,2.0765150315\C,- 
 2.7134440748,1.1557576767,1.7535040247\C,-4.5374996568,3.2703706215,1. 
 9042199272\C,-3.7522108541,1.1253997263,2.7014829398\C,-2.6031901746,2 
 .2485449945,0.8749171733\C,-3.5110890294,3.3000611254,0.9543584236\C,- 
 4.6558178731,2.1824001338,2.7739814006\H,-3.848839217,0.2733054318,3.3 
 643657846\H,-1.8169941454,2.2509306014,0.1282742671\H,-3.4274617919,4. 
 1388236929,0.2699196154\H,-5.4568684272,2.1554948132,3.5063524198\H,-5 
 .2474544675,4.0901938539,1.9612741196\O,0.8525853829,-1.7053197868,0.5 
 375811299\C,-0.2777416375,-2.6374040784,3.2346521441\H,0.4118420238,-3 
 .3915161231,2.8459546556\H,-0.9777212684,-3.1266506085,3.9178796336\H, 
 0.3011863637,-1.8958808008,3.7927099317\H,2.040083049,2.6830921643,0.8 
 065344246\C,-3.8051307529,-1.8169045571,-1.8157286457\C,-2.4883133818, 
 -2.2248539495,-1.1654684058\C,-2.8463292481,-2.4863981694,0.2660360783 
 \C,-4.2095469416,-2.2805825617,0.4731673046\N,-4.7807843037,-1.8534885 
 358,-0.8411086126\H,-1.7635047205,-1.4112406573,-1.3282859453\H,-2.084 
 2018409,-3.0948759119,-1.7085275535\C,-1.9489535021,-3.0372459466,1.30 
 35340746\O,-3.9589748316,-1.4991654979,-2.9929343152\O,-4.9457962894,- 
 2.4095481317,1.469003037\C,-6.1457978313,-1.5511460654,-1.0526870968\C 
 ,-8.8613896766,-0.9397089746,-1.4624162136\C,-6.8824298408,-0.88378170 
 8,-0.0592737428\C,-6.7836673399,-1.9105914947,-2.2522015929\C,-8.12811 
 03688,-1.5979351148,-2.4524234353\C,-8.2300263871,-0.590476084,-0.2662 
 167047\H,-6.2206533153,-2.4209172759,-3.0229254136\H,-8.6047974205,-1. 
 8785206778,-3.3878860349\H,-8.7870277327,-0.077059189,0.513169758\H,-9 
 .9093413547,-0.7016625647,-1.6211217116\H,-2.5428418592,-3.5182388155, 
 2.0885097321\H,-1.2455181972,-3.7804807888,0.9015435742\H,-6.393763537 
 ,-0.6178176895,0.8682321444\H,3.2706291352,5.988759689,2.5902569597\Cl 
 ,8.2215371158,-1.7507957294,-1.1587004029\Cl,4.6956797129,-5.071371109 
 8,1.303265279\\Version=ES64L-G09RevD.01\State=1-A\HF=-3083.7151412\RMS 
 D=3.981e-09\RMSF=5.308e-06\Dipole=5.0948635,10.1969631,2.4787413\Quadr 
 upole=-60.3750445,50.7193204,9.655724,-1.1298023,2.720369,9.8540038\PG 
 =C01 [X(C39H45Cl2N5O5)]\\@ 
 
int1-S,R[IV] 
 1\1\GINC-R2549\FOpt\RB3LYP\6-31G(d,p)\C39H45Cl2N5O5\ROOT\20-Aug-2015\0 
 \\# b3lyp/6-31G** freq=noraman opt=maxcyc=200 scf=maxcyc=200 scrf=(smd 
 ,solvent=dichloromethane)\\1st C-C Michael addition product: S(elec),R 
 (nuc) (DCM opt; catalyst IV)\\0,1\H,5.0366131938,1.6977835698,-1.01867 
 37763\C,5.1565122559,0.6656519906,-0.7269768376\C,5.4778156065,-1.9915 
 91984,0.0306363763\C,4.024836906,-0.1364137374,-0.4939233465\C,6.41641 
 99543,0.0990716077,-0.566811\C,6.6217453318,-1.2259050297,-0.189412997 
 2\C,4.1955310576,-1.4807569629,-0.1105034937\H,7.6152774916,-1.6390003 
 47,-0.0735083956\H,3.3297375256,-2.1077717788,0.0695030061\N,2.7131821 
 547,0.3146738676,-0.6405642685\H,1.9822728834,-0.3687628703,-0.4458870 
 471\C,2.28035654,1.6079076255,-0.900945957\N,0.917460531,1.6957504858, 
 -1.0193331821\H,0.3588116243,0.8617472651,-0.8660887103\C,0.2408079406 
 ,2.9661638795,-1.2565905601\H,1.0096664046,3.7339429374,-1.1528121083\ 
 O,3.0333662822,2.5788673223,-1.0151126409\C,-0.3120529068,3.1140682591 
 ,-2.7200267285\C,0.8571576099,2.9094880659,-3.7031553475\H,1.258160737 
 8,1.893486273,-3.6470083705\H,1.6776551948,3.6071878493,-3.505630846\H 
 ,0.5128813116,3.0742981376,-4.7299107166\C,-0.8676946022,4.5390067778, 
 -2.9188435857\H,-1.7752048277,4.7225982342,-2.3353477122\H,-1.12525866 
 71,4.6945683919,-3.9718696626\H,-0.1269111282,5.2994531975,-2.64458252 
 4\C,-1.4119952585,2.0832538847,-3.0274100004\H,-1.7193147908,2.1639764 
 063,-4.0758924008\H,-2.3022607877,2.2374793624,-2.4112919176\H,-1.0593 
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 205626,1.0579358761,-2.8696172969\C,-0.8411999659,3.168965337,-0.18358 
 84461\H,-1.3321357628,4.1353963992,-0.3013196358\H,-1.5959622785,2.379 
 7106627,-0.2223870207\N,-0.3079826294,3.1323543096,1.2309763001\C,1.23 
 40139356,4.1180684983,2.953069204\C,-0.9868318001,3.1912907001,3.65392 
 71625\C,0.0760111384,4.2552809653,3.9467401872\C,-1.4657003969,3.24894 
 22807,2.2065485235\C,0.7542951139,4.1713593115,1.5040136994\H,1.763488 
 0682,3.1723050882,3.1230488197\H,-0.5825262984,2.1932849336,3.85815552 
 32\H,-1.9511680416,4.2047617254,1.9871497429\H,0.3028390716,5.13918611 
 78,1.2655054495\H,1.9684093795,4.9196964776,3.0840371867\H,-1.86485848 
 73,3.321790138,4.2954477036\H,0.4445406506,4.1542424832,4.9727951033\H 
 ,-2.1443144423,2.4270680237,1.9651379597\H,1.5816933424,3.9871182138,0 
 .8189640483\C,0.103361947,-0.6123744262,1.6912116407\N,0.16480548,-1.0 
 823165878,0.3895749782\C,-0.2102216977,-2.3482193007,0.4498682454\O,-0 
 .4691073807,-2.8386471333,1.6640995337\C,-0.4410115414,-1.7116924847,2 
 .5861621219\C,-0.3037359605,-3.2620168486,-0.683302535\C,-0.474821746, 
 -5.007626907,-2.8570551679\C,-0.652499733,-4.6094558661,-0.4796939363\ 
 C,-0.0418494763,-2.7958249795,-1.9841715405\C,-0.1274521512,-3.6687780 
 239,-3.0637534307\C,-0.7362747335,-5.4751902046,-1.5659885873\H,-0.852 
 0925485,-4.9682653754,0.5235546835\H,0.2233306348,-1.7559520072,-2.138 
 3072819\H,0.0739420951,-3.3071800328,-4.0672152511\H,-1.0062776753,-6. 
 5144801253,-1.4072085449\H,-0.542202381,-5.6861031666,-3.7022857027\O, 
 0.427868513,0.5103365689,2.076271521\C,0.4606133112,-2.0407167443,3.76 
 54224029\H,0.4893039826,-1.1823146266,4.4421438551\H,1.4818364999,-2.2 
 613821678,3.4417435132\H,0.0674828459,-2.901995593,4.3125581684\H,0.10 
 62824175,2.1901288357,1.3830169683\C,-4.9569128435,-2.1971890822,0.859 
 8544863\C,-3.9413446127,-2.6358333396,1.9062664906\C,-2.9938340317,-1. 
 4755926421,2.0161017299\C,-3.3515384911,-0.475786419,1.1291013934\N,-4 
 .5737130867,-0.9480223361,0.4180909306\H,-3.4901752227,-3.5817055605,1 
 .5663845686\H,-4.4804282655,-2.8801912815,2.8354094495\C,-1.9181912847 
 ,-1.3762869881,3.0350029918\O,-5.9271697661,-2.8417207561,0.4694193334 
 \O,-2.8693350124,0.6563869492,0.8689273304\C,-5.2731753697,-0.20060082 
 18,-0.5571116313\C,-6.653262168,1.2773298117,-2.5069323576\C,-4.571107 
 5949,0.4437167063,-1.5861067281\C,-6.6726269502,-0.1008193861,-0.51230 
 80397\C,-7.3537235706,0.6282595906,-1.4870984962\C,-5.2600614158,1.182 
 613057,-2.5483071879\H,-7.2183270177,-0.6002042782,0.2791745654\H,-8.4 
 375412545,0.693338672,-1.443701314\H,-4.7039569027,1.6767140763,-3.340 
 2424736\H,-7.1871744452,1.8468508767,-3.2622596021\H,-1.8401417111,-0. 
 3644255294,3.4553367258\H,-2.1314157382,-2.0540071531,3.8706030249\H,- 
 3.4928308332,0.359817657,-1.6196851019\H,-0.3673412796,5.2561569451,3. 
 8602419413\Cl,5.670574961,-3.6796740081,0.5082252998\Cl,7.8327036014,1 
 .1130322147,-0.8592244468\\Version=ES64L-G09RevD.01\State=1-A\HF=-3083 
 .7270469\RMSD=7.029e-09\RMSF=4.778e-06\Dipole=1.5687278,2.7729538,0.72 
 15896\Quadrupole=-69.7997152,40.3880106,29.4117046,-23.9163014,6.63471 
 29,12.3805229\PG=C01 [X(C39H45Cl2N5O5)]\\@ 
 
int1-S,S[IV] 
 1\1\GINC-R2617\FOpt\RB3LYP\6-31G(d,p)\C39H45Cl2N5O5\ROOT\20-Aug-2015\0 
 \\# b3lyp/6-31G** freq=noraman opt=maxcyc=200 scf=maxcyc=200 scrf=(smd 
 ,solvent=dichloromethane)\\1st C-C Michael addition product: R(elec),R 
 (nuc) (DCM opt; catalyst IV)\\0,1\H,5.2479529012,0.0262303031,1.554007 
 7145\C,5.0761835115,0.9334577946,0.9952919046\C,4.6490203996,3.2745926 
 714,-0.444643751\C,3.8038182286,1.2021562399,0.459980458\C,6.094135028 
 7,1.8577426365,0.78508173\C,5.922759636,3.0417281976,0.0719193555\C,3. 
 5954562663,2.3887435222,-0.2691833128\H,6.7338287801,3.7433644679,-0.0 
 738110121\H,2.6188626117,2.6079222494,-0.6861646462\N,2.7014592824,0.3 
 607177565,0.6233844244\H,1.8370569519,0.6600853691,0.1734346304\C,2.66 
 57869486,-0.8935893976,1.2167422543\N,1.409017917,-1.4430778154,1.2117 
 913213\H,0.6486670169,-0.9009017383,0.8090830378\C,1.125899927,-2.7416 
 047034,1.8100138758\H,2.0956415802,-3.1489188848,2.1017658035\O,3.6536 
 771348,-1.4644855818,1.6871154252\C,0.2767780729,-2.6446578624,3.12863 
 67389\C,1.0678767048,-1.8022259885,4.1479921207\H,1.21422802,-0.776405 
 7202,3.7976183794\H,2.0533622262,-2.2353966406,4.3510341144\H,0.520519 
 6165,-1.7527237007,5.0953792659\C,0.0742738361,-4.0564822921,3.7165064 
 704\H,-0.5869070664,-4.6756060997,3.1020015446\H,-0.3844802269,-3.9831 
 258212,4.7080879778\H,1.0280554091,-4.5849990615,3.8325284331\C,-1.095 
 8198001,-1.9849617267,2.8953334696\H,-1.628206782,-1.8950183701,3.8485 
 07388\H,-1.7411385136,-2.561186102,2.2253498492\H,-0.9995392926,-0.972 
 4595954,2.4878124956\C,0.4828256802,-3.6735868772,0.7662020662\H,0.447 
 4978849,-4.699444596,1.1334145187\H,-0.5343422209,-3.355371902,0.52750 
 8632\N,1.2116043166,-3.7170739603,-0.5547640791\C,3.3411543548,-4.1530 
 764351,-1.8006400283\C,1.1302675492,-4.6384611925,-2.8928715936\C,2.60 
 49698054,-5.0477869497,-2.8037755697\C,0.4678152706,-4.6190026017,-1.5 
 18652994\C,2.6577453776,-4.1417959365,-0.4346897746\H,3.3964117109,-3. 
 125905105,-2.18238526\H,1.0383169553,-3.6450484941,-3.3459751738\H,0.4 
 586367787,-5.6128384122,-1.0624145616\H,2.6441189795,-5.1376070918,0.0 
 187512506\H,4.3716225569,-4.4911908354,-1.6504912861\H,0.5648733195,-5 
 .3343327086,-3.5215939675\H,3.0764842611,-4.9778031009,-3.7892928831\H 
 ,-0.5559839233,-4.2455779191,-1.5699920037\H,3.1545273568,-3.449564117 
 2,0.2447950941\C,-0.018549664,-0.3226568811,-1.9497245592\N,-0.0607846 
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 048,0.4271946822,-0.7909202635\C,-0.7856770614,1.5013617237,-1.0867405 
 153\O,-1.1388890149,1.6371599289,-2.3645371494\C,-0.8867958983,0.35539 
 88365,-2.9940669271\C,-1.1453092801,2.572550939,-0.1685487606\C,-1.837 
 0880307,4.6389641006,1.5790490111\C,-2.0541296194,3.5664813974,-0.5779 
 989986\C,-0.593867943,2.6158324374,1.1253557586\C,-0.9388113611,3.6489 
 406288,1.9906819059\C,-2.3954049608,4.5932280958,0.2981375138\H,-2.504 
 3536649,3.505954153,-1.5617834465\H,0.1041231332,1.8479396596,1.440634 
 0037\H,-0.508714745,3.683798249,2.9867956881\H,-3.0998634277,5.3567624 
 379,-0.0168895099\H,-2.104745546,5.4429801582,2.2582421652\O,0.5597123 
 079,-1.403669031,-2.1013298853\C,-0.2313982458,0.550181239,-4.34807806 
 57\H,0.7009498182,1.1151662262,-4.2617577784\H,-0.905776365,1.07939412 
 94,-5.0270364283\H,-0.002841565,-0.4289759801,-4.777525647\H,1.1734958 
 295,-2.7598467494,-0.9628329357\C,-4.0853688339,-1.2861880638,0.163067 
 2157\C,-2.9835900426,-1.5835642457,-0.8462303272\C,-3.0857207097,-0.47 
 64182876,-1.8494926319\C,-4.1137361607,0.3990064258,-1.5049251539\N,-4 
 .7194908364,-0.1335718134,-0.2421381023\H,-3.1464632547,-2.5951938345, 
 -1.2533676239\H,-2.031738229,-1.6321956492,-0.292740639\C,-2.299069720 
 6,-0.3681365543,-3.0965839549\O,-4.3400953665,-1.9527632414,1.16530275 
 05\O,-4.569236273,1.4295052159,-2.034450893\C,-5.811389715,0.464347682 
 3,0.4300294602\C,-7.978059175,1.6603093619,1.7646402141\C,-5.903690138 
 2,1.8626646716,0.5229387276\C,-6.8147825835,-0.3293130972,1.0104392202 
 \C,-7.8831637119,0.2694674019,1.6777357054\C,-6.9848770303,2.449684816 
 2,1.1801157282\H,-6.7470734662,-1.4079300771,0.9453351595\H,-8.6488602 
 235,-0.35830089,2.1257196929\H,-7.044447253,3.5331193535,1.2412326244\ 
 H,-8.8143843535,2.1225292308,2.2812988864\H,-2.8495491407,0.2152515487 
 ,-3.84281024\H,-2.0719540581,-1.3507402243,-3.5334980176\H,-5.13523803 
 92,2.472925592,0.0680486196\H,2.6797723929,-6.0957615789,-2.4848902754 
 \Cl,7.6889995859,1.511520222,1.4599089075\Cl,4.3666469054,4.755870783, 
 -1.3603350769\\Version=ES64L-G09RevD.01\State=1-A\HF=-3083.7230957\RMS 
 D=8.638e-09\RMSF=4.695e-06\Dipole=3.9688001,-4.5576521,-0.4457694\Quad 
 rupole=-65.8147521,54.9396262,10.8751259,-18.6116602,-17.3502591,17.88 
 84265\PG=C01 [X(C39H45Cl2N5O5)]\\@ 
 
TS2-R,S[IV] 
 1\1\GINC-R2618\FTS\RB3LYP\6-31G(d,p)\C39H45Cl2N5O5\ROOT\20-Aug-2015\0\ 
 \# b3lyp/6-31G** freq=noraman opt=(ts,calcfc,noeigen,maxcyc=200) scf=m 
 axcyc=200 scrf=(smd,solvent=dichloromethane) iop(1/8=1)\\TS for second 
  C-C addition (Mannich): R(elec),S(nuc) (DCM opt; catalyst IV)\\0,1\H, 
 4.8867376143,0.2830268506,0.5586202492\C,4.5682205134,1.2163912286,0.1 
 205938355\C,3.7593569044,3.6282379802,-1.0008198912\C,3.1976945006,1.5 
 304146449,0.0570332567\C,5.4857136096,2.1310923122,-0.3837740381\C,5.1 
 24376959,3.3489429099,-0.954889261\C,2.7971167868,2.7568371889,-0.5109 
 554107\H,5.8619851787,4.0408374812,-1.3401678542\H,1.746195844,3.01836 
 0581,-0.5564421615\N,2.1876909832,0.6884883487,0.5194288679\H,1.226689 
 3058,1.0005465533,0.3602958071\C,2.329297316,-0.4992766163,1.222409717 
 8\N,1.1303986886,-1.0897619278,1.5193945962\H,0.2767664515,-0.65400973 
 62,1.1805749068\C,1.0446746457,-2.2772107719,2.3593124692\H,2.07587608 
 98,-2.5487240287,2.5908842072\O,3.4206168214,-0.9819334304,1.547676421 
 \C,0.3493648473,-2.0027031021,3.7430168842\C,1.1135117552,-0.865635516 
 ,4.4491198899\H,1.0580989779,0.0705857677,3.8868879195\H,2.1713519124, 
 -1.1170544779,4.5850801358\H,0.683149923,-0.6840151596,5.4398956259\C, 
 0.4337210294,-3.2639962145,4.627524856\H,-0.2013884255,-4.0776384604,4 
 .2631875564\H,0.1002776101,-3.0280698906,5.6437772154\H,1.4617606531,- 
 3.6390733904,4.6961016478\C,-1.1248401832,-1.5888656841,3.5764832847\H 
 ,-1.5595066952,-1.3513959749,4.5536972064\H,-1.732945026,-2.386226564, 
 3.1358357513\H,-1.2238157279,-0.6961653291,2.9508298564\C,0.3776478641 
 ,-3.4289222621,1.5898346042\H,0.3526769581,-4.334020697,2.1985212809\H 
 ,-0.6449649152,-3.1647508625,1.3134015064\N,1.0540463613,-3.8014264095 
 ,0.2967407966\C,3.1354193691,-4.5684272996,-0.8765966768\C,0.895603640 
 1,-5.3494269191,-1.6837082051\C,2.3730311687,-5.7249767627,-1.53038598 
 98\C,0.2848433448,-4.9319744297,-0.3485035723\C,2.5128105005,-4.153358 
 3817,0.4560653946\H,3.1509123871,-3.7032041279,-1.5498698328\H,0.79327 
 06833,-4.5263657435,-2.3993362396\H,0.2893780653,-5.7622408673,0.36483 
 21498\H,2.560824028,-4.9662441182,1.1888056923\H,4.1782113976,-4.84051 
 36106,-0.6821040666\H,0.3090679268,-6.1907131721,-2.0681216549\H,2.807 
 8132099,-5.9629576191,-2.5066053998\H,-0.7414891826,-4.5796727924,-0.4 
 708028691\H,3.0204308879,-3.2766169039,0.85962521\C,-0.3197525419,-1.4 
 881967604,-1.891075697\N,-1.4217863452,-1.5588922624,-1.1214817078\C,- 
 2.3845867909,-0.9025965374,-1.8423778901\O,-2.0808532249,-0.8294079233 
 ,-3.1846589734\C,-0.6545195449,-0.629511246,-3.106191572\C,-3.81159981 
 85,-0.9756765699,-1.4927168939\C,-6.5270509012,-1.1155909132,-0.801742 
 8287\C,-4.8035636658,-0.787899417,-2.4697236035\C,-4.1951007992,-1.243 
 3152286,-0.1675078983\C,-5.5435836953,-1.3095322028,0.1738093012\C,-6. 
 1529854063,-0.8593841307,-2.1223107354\H,-4.513511927,-0.6071401176,-3 
 .4990147851\H,-3.4280459475,-1.4046586029,0.582005188\H,-5.8296263359, 
 -1.5152117644,1.2012521343\H,-6.912296994,-0.7181828126,-2.8859607254\ 
 H,-7.5782276056,-1.1676453008,-0.5334339918\O,0.8214224525,-1.95208065 
 48,-1.6518132565\C,0.0477518449,-0.9392964752,-4.4035721213\H,1.122134 
 478,-0.776550727,-4.2799557458\H,-0.3102338956,-0.2892925554,-5.207667 
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 8041\H,-0.1078886366,-1.9816880095,-4.6962064006\H,0.9755639549,-2.976 
 3585645,-0.3770272053\C,-3.4380441858,2.6893596511,-0.9783222618\C,-2. 
 8357015205,2.0770544628,-2.2299447637\C,-1.7120439415,1.1972796242,-1. 
 7303555498\C,-1.5478956649,1.4767026257,-0.3320139565\N,-2.6374245737, 
 2.295627875,0.0958384246\H,-2.4799576929,2.8932865307,-2.8743736569\H, 
 -3.6210442075,1.5564818632,-2.7894500392\C,-0.5377778527,0.8736125929, 
 -2.6083698077\O,-4.4268769087,3.3975234303,-0.8955143158\O,-0.66447281 
 16,1.1109359513,0.46343449\C,-2.8334392367,2.7406103353,1.4366721531\C 
 ,-3.2161800646,3.6182058326,4.0615449908\C,-2.9824287622,1.8095735747, 
 2.4690113155\C,-2.8798954779,4.1113143501,1.7144806714\C,-3.0774578209 
 ,4.5450702281,3.025613957\C,-3.1655471717,2.2512065079,3.7797471518\H, 
 -2.7617842926,4.827757079,0.9089136155\H,-3.1156368838,5.6096629818,3. 
 2372754493\H,-3.2754968303,1.5241713369,4.5791026594\H,-3.3639168631,3 
 .959186148,5.0820775859\H,0.4226133005,1.0006401602,-2.1000325342\H,-0 
 .5354666524,1.5117108461,-3.4981994889\H,-2.9622960922,0.7503555713,2. 
 2410388808\H,2.4640330888,-6.6259968785,-0.9087521304\Cl,7.2039590025, 
 1.7262731497,-0.2985197868\Cl,3.2358389048,5.1587123523,-1.7090895159\ 
 \Version=ES64L-G09RevD.01\State=1-A\HF=-3083.7250141\RMSD=6.751e-09\RM 
 SF=1.919e-06\Dipole=-0.7070827,-5.3658015,0.8975735\Quadrupole=-36.168 
 2851,24.1320055,12.0362795,-3.3728093,-7.4661729,-3.645186\PG=C01 [X(C 
 39H45Cl2N5O5)]\\@ 
 
int2-R,S[IV] 
 1\1\GINC-R2681\FOpt\RB3LYP\6-31G(d,p)\C39H45Cl2N5O5\ROOT\20-Aug-2015\0 
 \\# b3lyp/6-31G** freq=noraman opt=maxcyc=200 scf=maxcyc=200 scrf=(smd 
 ,solvent=dichloromethane)\\[4+2] product: R(elec),S(nuc) (DCM opt; cat 
 alyst IV)\\0,1\H,-3.4555732146,0.8484550184,2.7640897001\C,-3.25583030 
 85,-0.2102787928,2.7088632649\C,-2.750006615,-2.9399925526,2.588301199 
 1\C,-2.0357707442,-0.6698373194,2.177989757\C,-4.1807907576,-1.1446529 
 026,3.1606004086\C,-3.9697200782,-2.5205222298,3.1166988437\C,-1.78614 
 74241,-2.0563615128,2.1250225901\H,-4.7090869009,-3.2247428764,3.47502 
 24403\H,-0.8430601223,-2.423234563,1.7378874117\N,-1.0451322501,0.1720 
 304466,1.6712460843\H,-0.2630200131,-0.2967360006,1.2146196763\C,-0.98 
 52759442,1.5534706588,1.7704047026\N,0.0867984294,2.1014573707,1.11588 
 88907\H,0.5897563681,1.5462177269,0.4144122658\C,0.2871721114,3.547802 
 3868,1.0997428132\H,-0.5498413438,3.9745745036,1.6548696832\O,-1.81008 
 728,2.2262239119,2.4020501274\C,1.5800407227,3.9924955722,1.8759394207 
 \C,1.4351327566,3.5362264532,3.3408637086\H,1.3397486834,2.449368699,3 
 .4162786693\H,0.556554662,3.986175934,3.816511959\H,2.317518746,3.8352 
 106408,3.9172241024\C,1.7017215998,5.5301711111,1.8582033019\H,1.96542 
 88733,5.9197023716,0.8697202522\H,2.4892470537,5.8497306659,2.54928267 
 08\H,0.7698492942,6.0118309365,2.1779550806\C,2.8545402247,3.366901481 
 8,1.2833890099\H,3.7300644834,3.6760758486,1.8653979607\H,3.0275821858 
 ,3.6725080572,0.2465168176\H,2.8086005415,2.2739588437,1.31170399\C,0. 
 2494984901,4.0688430636,-0.3460902519\H,0.3297683202,5.1567901129,-0.3 
 643541137\H,1.0695849967,3.6463756754,-0.9299238612\N,-1.005713966,3.7 
 159990617,-1.1022920797\C,-3.50624601,3.8235032545,-1.2465766872\C,-2. 
 13414386,3.8987303068,-3.3429902504\C,-3.4306175327,4.3702354484,-2.67 
 59181179\C,-0.909404781,4.2635413996,-2.5075081308\C,-2.2691530181,4.1 
 886458483,-0.4277187637\H,-3.6114434429,2.7322079493,-1.268939846\H,-2 
 .1587159096,2.812164161,-3.4775569176\H,-0.7986287171,5.3490636947,-2. 
 4162827613\H,-2.1757740499,5.2734707748,-0.3071890927\H,-4.3804784129, 
 4.2175498592,-0.7176337824\H,-2.0094237631,4.3506739345,-4.3329747089\ 
 H,-4.2980280776,4.0384448008,-3.2559789586\H,0.0058598009,3.8551843238 
 ,-2.9410925321\H,-2.3145006044,3.7238739047,0.5571701444\C,-0.09131774 
 7,0.5394289098,-1.977898906\N,1.1054272522,0.7430994419,-1.4444594314\ 
 C,1.9706032969,-0.1878653759,-2.1621370956\O,1.3774208943,-0.358564922 
 1,-3.4633495257\C,0.0371248801,-0.6179328045,-2.9857187103\C,3.4059741 
 875,0.2664698084,-2.2651726734\C,6.0778170221,1.1222871575,-2.43634521 
 59\C,4.0523714425,0.3355413192,-3.5060767745\C,4.1115948375,0.63472622 
 18,-1.1113068244\C,5.4386367907,1.0573976427,-1.1954557287\C,5.3801484 
 511,0.762000315,-3.5901889305\H,3.5082373682,0.0641442658,-4.403875574 
 3\H,3.6164055281,0.6031205368,-0.1467404681\H,5.97222397,1.3380271579, 
 -0.2917663677\H,5.8670637879,0.8139320831,-4.5600682103\H,7.1104808136 
 ,1.452821733,-2.5020828184\O,-1.1830937133,1.1283055498,-1.716569121\C 
 ,-0.9749486476,-0.7099016248,-4.097076483\H,-1.9747714319,-0.839728049 
 5,-3.6728160755\H,-0.7645207802,-1.5578938997,-4.7562549388\H,-0.97690 
 48288,0.2057378616,-4.6957589986\H,-1.053342196,2.6444920228,-1.210285 
 544\C,3.6372401222,-3.1136599828,-1.0765405479\C,2.7367971967,-2.69993 
 12026,-2.217538904\C,1.7228371169,-1.7069054809,-1.6217020574\C,1.9138 
 372591,-1.8645049442,-0.1255419518\N,3.0614436985,-2.6258994613,0.1138 
 107854\H,2.2452049717,-3.6056651532,-2.5895087495\H,3.3321115469,-2.29 
 52392181,-3.0375999716\C,0.2600564969,-1.8934596038,-2.1095511828\O,4. 
 6563056951,-3.7705382991,-1.1280419543\O,1.2131445786,-1.4211786603,0. 
 7738729189\C,3.5713121322,-2.9160881785,1.420204235\C,4.577071347,-3.4 
 873630235,3.9572812822\C,3.8024652527,-1.875632126,2.3249766905\C,3.83 
 82259511,-4.2411342015,1.7780161492\C,4.3473383622,-4.5206467614,3.046 
 2968403\C,4.3009388104,-2.1672434579,3.5945974096\H,3.6521050365,-5.04 
 15882266,1.071203196\H,4.5581985098,-5.5494706011,3.322364701\H,4.4777 
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 060145,-1.3591230679,4.2980176289\H,4.9694691204,-3.709618886,4.945166 
 9627\H,-0.4605855926,-1.9544395629,-1.2904682731\H,0.1675582241,-2.796 
 2215148,-2.7187303128\H,3.5944719636,-0.8514603964,2.0376200672\H,-3.4 
 592570074,5.4680285066,-2.6534998078\Cl,-5.7111903614,-0.5558472905,3. 
 8209041147\Cl,-2.4159091459,-4.6729913597,2.5149036962\\Version=ES64L- 
 G09RevD.01\State=1-A\HF=-3083.7382115\RMSD=5.847e-09\RMSF=3.755e-06\Di 
 pole=0.6540626,3.9528262,-2.1489941\Quadrupole=-21.7639991,26.2366039, 
 -4.4726048,-3.4708213,26.8428279,-10.8538957\PG=C01 [X(C39H45Cl2N5O5)] 
 \\@ 
 
TS3-R,S[IV] 
 1\1\GINC-R2842\FTS\RB3LYP\6-31G(d,p)\C39H45Cl2N5O5\ROOT\20-Aug-2015\0\ 
 \# b3lyp/6-31G** freq=noraman opt=(ts,calcfc,noeigen,maxcyc=200) scf=m 
 axcyc=200 scrf=(smd,solvent=dichloromethane) iop(1/8=1)\\TS for proton 
  transfer from piperidyl N+-H to DA product- R(elec),S(nuc) (DCM opt; 
 catalyst IV)\\0,1\H,4.5940387784,-1.5059355076,0.9098721819\C,4.734180 
 532,-0.5766353485,0.379475184\C,5.1011596104,1.8188435254,-0.985044678 
 8\C,3.6522479,0.3091560892,0.2208218612\C,5.9679453815,-0.2212293777,- 
 0.1531491568\C,6.195325374,0.9667225152,-0.844792081\C,3.8474093829,1. 
 5214618282,-0.470894711\H,7.1678518591,1.2163419465,-1.248609267\H,3.0 
 236380478,2.2169104062,-0.5909129123\N,2.3736518868,0.0621757223,0.711 
 4664589\H,1.6555317254,0.7240348171,0.4305796745\C,1.948615015,-1.0019 
 733178,1.4994321657\N,0.6097594853,-0.9487450695,1.7751470133\H,0.0465 
 078249,-0.2635532271,1.2841906981\C,-0.047959501,-1.9051647455,2.65443 
 12445\H,0.6655570089,-2.7186511432,2.8019379231\O,2.6985991848,-1.8852 
 297378,1.9244500661\C,-0.3314670919,-1.3085737552,4.085861052\C,1.0109 
 263272,-0.8757357961,4.7076623645\H,1.4856398656,-0.0767113463,4.13138 
 09974\H,1.7142065853,-1.7128494153,4.7665824076\H,0.8483739504,-0.4986 
 454963,5.7233992486\C,-0.9569379035,-2.3852251227,4.9963411323\H,-1.98 
 02062019,-2.6420833256,4.7050807728\H,-0.9990209823,-2.0218346702,6.02 
 90008386\H,-0.36200876,-3.306399113,4.9962970272\C,-1.2624275378,-0.08 
 30101756,4.0201027552\H,-1.3799191626,0.3539897582,5.0179848296\H,-2.2 
 649819984,-0.3406969584,3.6612653958\H,-0.8515875358,0.6954321324,3.36 
 86986035\C,-1.3209096553,-2.4642610246,1.9954518283\H,-1.7430191226,-3 
 .2336221807,2.6478734782\H,-2.0722518385,-1.6775289165,1.884549335\N,- 
 1.1571953131,-3.0671096332,0.6335411999\C,0.056589333,-4.7954858255,-0 
 .7524153728\C,-2.3930171533,-4.4143651338,-1.0955027571\C,-1.270215152 
 6,-5.4549442373,-1.1386743907\C,-2.4518074324,-3.7352175369,0.27088326 
 64\C,-0.0278585688,-4.0537521034,0.5831566424\H,0.3723479149,-4.088819 
 0357,-1.525701762\H,-2.235507861,-3.6595146325,-1.8742487967\H,-2.6798 
 285898,-4.4750351879,1.0497418956\H,-0.1778187488,-4.7661007805,1.4063 
 984578\H,0.8530428156,-5.543077474,-0.6609875197\H,-3.3687688046,-4.87 
 47503315,-1.286584981\H,-1.1976849299,-5.9025090218,-2.1360576515\H,-3 
 .2290028884,-2.9681559693,0.2972776506\H,0.9006755004,-3.5119360807,0. 
 7619694197\C,0.1857089881,-1.2653585753,-1.9387304219\N,-0.8751575533, 
 -1.1292333096,-1.105169599\C,-1.8294914912,-0.3041466405,-1.8427301544 
 \O,-1.6020785732,-0.6227845677,-3.2252209047\C,-0.1640492278,-0.444275 
 7428,-3.1981908198\C,-3.2730188706,-0.5012321745,-1.4488567556\C,-5.96 
 27318361,-0.8544161338,-0.7117218385\C,-4.2081381087,-0.9747803892,-2. 
 3779813935\C,-3.7009957249,-0.2037252264,-0.1465723135\C,-5.0363564133 
 ,-0.3790256907,0.2199957603\C,-5.544285444,-1.1514954882,-2.0096058739 
 \H,-3.8844554052,-1.2060377577,-3.3864226604\H,-2.9901329351,0.1639478 
 173,0.5868645281\H,-5.3523397545,-0.1416421897,1.2318142434\H,-6.25739 
 05097,-1.5214885548,-2.7407017614\H,-7.0023073294,-0.9893596065,-0.427 
 6101761\O,1.2360142768,-1.8903728069,-1.7554984507\C,0.5008631169,-0.8 
 542159774,-4.4849538395\H,1.5856182938,-0.762114511,-4.3803461836\H,0. 
 1754538635,-0.2234094098,-5.3177383732\H,0.2720116244,-1.8974050395,-4 
 .7217968368\H,-1.0187979816,-2.1172949195,-0.18772645\C,-2.7568391134, 
 3.1689536306,-1.4729159056\C,-2.3654391701,2.1728084692,-2.5398019245\ 
 C,-1.3147479783,1.2430911257,-1.8987142249\C,-1.0444224885,1.884155827 
 4,-0.5463617389\N,-1.9267857447,2.9435001825,-0.3577575745\H,-1.957533 
 2913,2.7346469846,-3.3859187742\H,-3.2556207886,1.6532815585,-2.900326 
 3849\C,-0.0344056817,1.0441514599,-2.7590006133\O,-3.6034946216,4.0354 
 470836,-1.5274092284\O,-0.1947523128,1.571972873,0.2807298455\C,-1.944 
 1305625,3.774573256,0.8130540236\C,-1.9826348015,5.3989378481,3.072512 
 409\C,-2.4744395427,3.282402187,2.0069284808\C,-1.4395025751,5.0745758 
 581,0.7366417243\C,-1.4629795181,5.8864660897,1.8710532454\C,-2.486718 
 2046,4.0981529424,3.1391924117\H,-1.0323476815,5.4406850027,-0.2003581 
 616\H,-1.0727475232,6.8980528876,1.8151736897\H,-2.8953617068,3.717897 
 7257,4.0704056038\H,-1.996383501,6.0321475727,3.954548732\H,0.88933465 
 08,1.2200599413,-2.2026259032\H,-0.0431466783,1.7070118836,-3.62760679 
 4\H,-2.8797980679,2.276831459,2.0434676648\H,-1.5006514124,-6.26975056 
 11,-0.4381125175\Cl,7.3228087374,-1.336404179,0.0569626416\Cl,5.323820 
 0174,3.3426388003,-1.8502024834\\Version=ES64L-G09RevD.01\State=1-A\HF 
 =-3083.72564\RMSD=3.276e-09\RMSF=2.113e-06\Dipole=-4.7027264,-0.570233 
 ,1.2715832\Quadrupole=-25.7416294,12.2950971,13.4465323,23.959228,-11. 
 1364689,1.3333212\PG=C01 [X(C39H45Cl2N5O5)]\\@ 
 
int3-R,S[IV] 
A7-19 
 
 1\1\GINC-R100\FOpt\RB3LYP\6-31G(d,p)\C39H45Cl2N5O5\ROOT\24-Aug-2015\0\ 
 \# b3lyp/6-31G** freq=noraman opt=maxcyc=200 scf=maxcyc=200 scrf=(smd, 
 solvent=dichloromethane)\\1st C-C Michael addition product rotamer (pr 
 ecursor): R(elec),S(nuc) (DCM opt; catalyst IV)\\0,1\H,-4.9605672074,- 
 0.6007766624,1.4478467094\C,-4.3509690209,-1.4880271348,1.3672939599\C 
 ,-2.7901343335,-3.7776084159,1.1365558051\C,-2.9529199698,-1.371766200 
 1,1.2552529691\C,-4.915438831,-2.7587490933,1.3620323953\C,-4.17160302 
 18,-3.9306913774,1.244625008\C,-2.1690513257,-2.5369753744,1.143654462 
 3\H,-4.6389911108,-4.906778523,1.2388063301\H,-1.090024975,-2.45892531 
 91,1.0773352815\N,-2.2790974822,-0.1531023674,1.2670033848\H,-1.282248 
 6436,-0.1642446384,1.043173291\C,-2.8196742457,1.1192542452,1.42660989 
 48\N,-1.8503335376,2.0575316111,1.6754654456\H,-0.8855602648,1.7350147 
 88,1.6000157125\C,-2.0953717416,3.4857016312,1.5061811513\H,-3.0551502 
 368,3.5870659759,0.9911694783\O,-4.0233620702,1.3784787767,1.363023735 
 4\C,-2.2484702381,4.2583500402,2.8694632233\C,-3.4332490778,3.64838317 
 61,3.6423459314\H,-3.2557385361,2.5984571071,3.8892625534\H,-4.3611287 
 916,3.7036216537,3.0648021017\H,-3.5837503213,4.1935032175,4.580681744 
 9\C,-2.5647385208,5.7430085668,2.5966606511\H,-1.7161433098,6.28441145 
 23,2.1663751084\H,-2.8231966281,6.2470020028,3.5340802323\H,-3.4191325 
 906,5.8527405566,1.9179732843\C,-0.9809850522,4.1464583698,3.736242461 
 8\H,-1.1561250119,4.6061558017,4.7150681812\H,-0.1202877481,4.65647956 
 54,3.291640863\H,-0.7047580031,3.1008987892,3.9080214442\C,-0.97370904 
 55,4.0832277928,0.6402194102\H,-1.1990537993,5.1194259826,0.387693618\ 
 H,-0.0227849627,4.0549409562,1.1751275458\N,-0.7104518492,3.3768538689 
 ,-0.6712177566\C,-1.6204329294,2.58891479,-2.8737527678\C,0.720343953, 
 3.4690798693,-2.7437462839\C,-0.5224518261,3.342777691,-3.6299858557\C 
 ,0.3862180466,4.1217933762,-1.4082047333\C,-1.9434801276,3.2467790732, 
 -1.5346132515\H,-1.2992010053,1.5547439218,-2.7084220651\H,1.153229533 
 3,2.4769364195,-2.5801376822\H,0.0187312676,5.142610186,-1.5483030573\ 
 H,-2.3291603059,4.2618879586,-1.669989155\H,-2.5491026999,2.5509732996 
 ,-3.4529099\H,1.4903024175,4.0820296756,-3.2248049664\H,-0.2698774665, 
 2.8109980192,-4.5511698592\H,1.248084245,4.1485506415,-0.7390827669\H, 
 -2.6779764205,2.6660869445,-0.9779241674\C,1.460997478,-0.7089966598,- 
 3.5750286805\N,2.7806791268,-0.9726782584,-3.9439181757\C,3.0237508887 
 ,-2.191801832,-3.5392100685\O,2.0373864814,-2.8503386088,-2.9109024821 
 \C,0.8819973961,-1.9453530193,-2.8775421303\C,4.2909980662,-2.90182054 
 18,-3.71725145\C,6.7222740518,-4.2278286452,-4.0667334724\C,4.44381846 
 51,-4.2211662731,-3.2589819995\C,5.362264249,-2.2505743662,-4.35245367 
 89\C,6.5726709162,-2.9147748244,-4.5245094963\C,5.6585347964,-4.878791 
 4873,-3.4356808345\H,3.6154809891,-4.7213824501,-2.769890379\H,5.23152 
 492,-1.2322302294,-4.7016247722\H,7.4004814501,-2.4107026124,-5.013623 
 0952\H,5.7766397565,-5.8979614535,-3.0809767479\H,7.6685759542,-4.7436 
 118484,-4.201521344\O,0.8482449694,0.3220434108,-3.7968236781\C,-0.238 
 6577615,-2.5745065866,-3.7017445014\H,-1.0621153889,-1.8606780168,-3.7 
 906612093\H,-0.6092809987,-3.4809326856,-3.2146859734\H,0.1077461868,- 
 2.8300299094,-4.7073325718\H,-0.3382367607,2.4167477661,-0.4564734494\ 
 C,3.2624681142,-0.8318346677,1.0823030202\C,2.7317296968,-1.7551613113 
 ,-0.0062381231\C,1.4711627301,-1.0818343304,-0.4892776636\C,1.26400710 
 21,0.0640028815,0.2334764353\N,2.3818823422,0.2286143212,1.1666152006\ 
 H,2.5657683274,-2.7565201334,0.4190971484\H,3.5259551702,-1.8759569143 
 ,-0.7546426447\C,0.4641612312,-1.6968337547,-1.4124762589\O,4.28551910 
 67,-0.9733871143,1.7434293135\O,0.283556508,0.9030692384,0.278189269\C 
 ,2.5857683416,1.3485664659,2.0136781594\C,3.0737283335,3.5488463077,3. 
 6782554613\C,2.7541027947,2.6250828562,1.4616389092\C,2.6667912277,1.1 
 767722546,3.4011188293\C,2.9141230798,2.2741412801,4.2272813646\C,2.99 
 23660953,3.7208030079,2.2933581527\H,2.5394504715,0.1858375014,3.82346 
 79413\H,2.9800988868,2.131888571,5.3020919612\H,3.1325287801,4.7064244 
 321,1.8581086365\H,3.2675230842,4.4007436907,4.3234493998\H,-0.4157702 
 556,-1.0461793722,-1.4586892695\H,0.1142092645,-2.6719088617,-1.038277 
 6939\H,2.7260528211,2.7433746764,0.3836119516\H,-0.8824674502,4.341308 
 8436,-3.9128129517\Cl,-6.6714684644,-2.8949206277,1.5038255276\Cl,-1.7 
 895943087,-5.2254447968,0.9927762135\\Version=ES64L-G09RevD.01\State=1 
 -A\HF=-3083.7287054\RMSD=4.064e-09\RMSF=6.495e-06\Dipole=0.3630553,4.2 
 08576,-1.850132\Quadrupole=-34.0191523,42.1899762,-8.1708239,-18.77577 
 6,-4.0982033,12.1763251\PG=C01 [X(C39H45Cl2N5O5)]\\@ 
 
TSmig-R,S[IV] 
 1\1\GINC-R3085\FTS\RB3LYP\6-31G(d,p)\C39H45Cl2N5O5\ROOT\20-Aug-2015\0\ 
 \# b3lyp/6-31G** freq=noraman opt=(ts,calcfc,noeigen,maxcyc=200) scf=m 
 axcyc=200 scrf=(smd,solvent=dichloromethane) iop(1/8=1)\\TS for enolat 
 e migration to ammonium int1DA to int1DArp : R(elec),S(nuc) (DCM opt; 
 catalyst IV)\\0,1\H,-5.158172582,0.3083247271,-0.9982767039\C,-5.12540 
 27374,-0.4759880056,-0.2579873096\C,-5.0619594721,-2.4865090868,1.6627 
 61419\C,-4.0485161424,-0.5465971248,0.643883271\C,-6.1366858202,-1.425 
 614699,-0.1609076324\C,-6.1433704364,-2.4484137806,0.7843355172\C,-4.0 
 229614333,-1.567830221,1.6133652494\H,-6.9454846903,-3.1729760012,0.83 
 6614685\H,-3.2023560858,-1.6291151199,2.3199831299\N,-2.9760769474,0.3 
 483435634,0.6363610313\H,-2.2726251123,0.1894858133,1.3473623581\C,-2. 
 7957336684,1.4712141123,-0.1680552434\N,-1.5912634935,2.0844146272,0.0 
A7-20 
 
 357080724\H,-0.7974435557,1.5620978521,0.4370779178\C,-1.2877554341,3. 
 3643906397,-0.5953182518\H,-2.0585945816,3.5320165646,-1.3508046782\O, 
 -3.6506388163,1.8749523351,-0.9627763028\C,-1.389552964,4.5756704254,0 
 .4057366546\C,-2.8067718629,4.5835769439,1.0114972115\H,-2.9880668937, 
 3.6958123226,1.6240796648\H,-3.578082622,4.6227061405,0.2351216723\H,- 
 2.9310986897,5.4606740848,1.6557069564\C,-1.184068775,5.9000930547,-0. 
 3576329306\H,-0.1594573579,6.0211308293,-0.7235780702\H,-1.3900202968, 
 6.7483575695,0.3041168608\H,-1.8633620163,5.9789330955,-1.2150155741\C 
 ,-0.3611454204,4.4691833002,1.5468175694\H,-0.5475134707,5.2496086182, 
 2.2929220619\H,0.6670958156,4.5974836292,1.1947975621\H,-0.4251593365, 
 3.5022771419,2.0562318328\C,0.0889873543,3.2964355804,-1.2708721637\H, 
 0.2758764134,4.2040845296,-1.8448920352\H,0.8753914933,3.1601120378,-0 
 .5297702357\N,0.2627290446,2.1466064542,-2.2398090062\C,-0.5285005047, 
 1.0643708636,-4.3862315403\C,1.9198507184,1.1258965517,-3.8558363215\C 
 ,0.8797006087,1.1699847433,-4.9802689194\C,1.663291006,2.2134350854,-2 
 .8194608111\C,-0.7886495337,2.1374793795,-3.331613332\H,-0.66557158,0. 
 0777162324,-3.935145797\H,1.909553518,0.145741088,-3.3690425652\H,1.75 
 52735791,3.2083168783,-3.2639807146\H,-0.7635297841,3.1399785757,-3.76 
 96408336\H,-1.295107184,1.1835272258,-5.1597739592\H,2.9311584804,1.28 
 47289144,-4.2461334128\H,1.0517669345,0.3520289161,-5.6873050355\H,2.3 
 457152932,2.1381615196,-1.9723093805\H,-1.7553384454,1.9871363732,-2.8 
 511148917\C,0.7714951293,-1.8678521784,-1.426041412\N,2.1163684526,-1. 
 9974824837,-1.7543680739\C,2.5883557184,-2.9196342445,-0.9517552376\O, 
 1.7364039817,-3.486122941,-0.0867737535\C,0.4474607903,-2.8206226606,- 
 0.2748956081\C,3.9714046894,-3.396613523,-0.9404921781\C,6.6161091569, 
 -4.2922585482,-0.9500742576\C,4.3694764087,-4.4223926493,-0.0665621584 
 \C,4.9054643332,-2.8237435227,-1.8204762639\C,6.2224815551,-3.27215542 
 21,-1.8220516015\C,5.6895812341,-4.8655527517,-0.0747697182\H,3.646968 
 0738,-4.8664374034,0.6091128472\H,4.586847762,-2.0336707733,-2.4913013 
 72\H,6.9433505617,-2.8277971617,-2.5013663654\H,5.9963461664,-5.657855 
 3268,0.6008902009\H,7.6450312051,-4.6397977636,-0.9530285778\O,-0.0350 
 268696,-1.115243418,-1.9541873891\C,-0.5948625854,-3.8643823663,-0.655 
 502676\H,-1.5448886506,-3.3630488728,-0.8601045863\H,-0.7430635029,-4. 
 5724895355,0.1648803523\H,-0.2960521611,-4.4177992331,-1.5505389024\H, 
 0.2049131211,1.2714582098,-1.691113035\C,2.8575765891,-0.3879014719,3. 
 0820543693\C,2.0237635596,-1.6190265001,2.7515178504\C,1.1391508278,-1 
 .1776437551,1.6173321312\C,1.4099192443,0.128218322,1.2900893592\N,2.4 
 834450572,0.5990639674,2.1929119607\H,1.4824094839,-1.9341005608,3.657 
 5634923\H,2.7131158489,-2.4431439502,2.5138162302\C,0.071184422,-2.025 
 6562319,1.0070073837\O,3.7144424108,-0.2894611523,3.9558971214\O,0.915 
 4051099,0.9402330468,0.4388537261\C,3.0889703384,1.8765400111,2.130177 
 2096\C,4.3272854592,4.3913667754,2.0058492896\C,3.5922661674,2.3571056 
 331,0.9125785989\C,3.2143985526,2.6599597777,3.2859185373\C,3.83706340 
 5,3.907031387,3.2212102975\C,4.2008030343,3.6116556432,0.852937547\H,2 
 .8304617885,2.285021238,4.2277199887\H,3.9344161333,4.5030994657,4.124 
 3073\H,4.5895813048,3.9741366758,-0.0948220754\H,4.8090018439,5.363753 
 1483,1.9589500952\H,-0.7858462077,-1.4169839016,0.693524968\H,-0.30252 
 63824,-2.757208268,1.7355735785\H,3.51364516,1.7368640941,0.0273466989 
 \H,0.9795463479,2.10817306,-5.5428272548\Cl,-7.4845369361,-1.330844397 
 2,-1.2982750765\Cl,-5.0157016453,-3.7545827876,2.8891223937\\Version=E 
 S64L-G09RevD.01\State=1-A\HF=-3083.725343\RMSD=5.237e-09\RMSF=3.038e-0 
 6\Dipole=1.7642538,1.6319003,-3.8540417\Quadrupole=-26.4078419,29.0923 
 983,-2.6845564,-8.1390251,-27.9764694,-11.2289745\PG=C01 [X(C39H45Cl2N 
 5O5)]\\@ 
 
TSrot-R,S[IV] 
 1\1\GINC-R3514\FTS\RB3LYP\6-31G(d,p)\C39H45Cl2N5O5\ROOT\20-Aug-2015\0\ 
 \# b3lyp/6-31g(d,p) opt=(ts,calcfc,noeigen,maxcyc=200) freq=noraman # 
 scf=maxcyc=200 scrf=(smd,solvent=dichloromethane) iop(1/8=1)\\TS for d 
 ihedral rotation from int1DAr-SeSn1a to int1DArp-ReSn1a (DCM opt; cata 
 lyst IV)\\0,1\H,-3.2545924422,4.1235790138,-0.0443423056\C,-2.22751541 
 97,4.1915092566,-0.3698354194\C,0.4250252132,4.3811795707,-1.182576439 
 8\C,-1.4914748436,3.0200722941,-0.6282656417\C,-1.5999906235,5.4216486 
 968,-0.5324003604\C,-0.273899174,5.5618877608,-0.9356278349\C,-0.14810 
 07147,3.1252743065,-1.0417476084\H,0.1891437303,6.533107864,-1.0525305 
 239\H,0.4261085605,2.2313039727,-1.2579348015\N,-2.0205315522,1.736360 
 052,-0.5246541877\H,-1.3587080194,0.954476038,-0.5986585246\C,-3.28635 
 6869,1.3735809501,-0.0769529249\N,-3.5450570148,0.0411940443,-0.295410 
 6457\H,-2.7768626927,-0.5067229863,-0.6759217854\C,-4.554587349,-0.684 
 0248836,0.4725143896\H,-4.9110808722,-0.0012726729,1.248331615\O,-4.09 
 21871649,2.1433294003,0.4502640338\C,-5.8194381128,-1.0755708873,-0.37 
 29077392\C,-6.4608674959,0.2208420972,-0.9036847061\H,-5.774393424,0.7 
 731235333,-1.5511806046\H,-6.7579241263,0.8864198124,-0.0869304941\H,- 
 7.3563439433,-0.0181110713,-1.4878742801\C,-6.8464965135,-1.7951156731 
 ,0.524607268\H,-6.5103939534,-2.7896454957,0.8355522326\H,-7.787063093 
 7,-1.9303565461,-0.0200931249\H,-7.0699373812,-1.2129343225,1.42672702 
 36\C,-5.4532413302,-1.9733860303,-1.5674293877\H,-6.3432213304,-2.1662 
 101177,-2.1762706332\H,-5.0575457043,-2.9461063047,-1.2575374345\H,-4. 
 7106609123,-1.4923310647,-2.211224118\C,-3.8882879774,-1.9076885165,1. 
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 1283354223\H,-4.5739612982,-2.3977867643,1.8202352699\H,-3.5813298172, 
 -2.6317858174,0.3710273521\N,-2.6346367153,-1.5966014671,1.9126065086\ 
 C,-1.5951424527,-0.3396384402,3.8213462193\C,-0.7635946692,-2.63944821 
 48,3.2341492112\C,-0.9756271582,-1.6303568915,4.3683600734\C,-2.048950 
 4544,-2.8856695524,2.4496288349\C,-2.8718356945,-0.6089434884,3.029314 
 2101\H,-0.8769122198,0.1798240825,3.1765466309\H,0.0177786495,-2.28434 
 4414,2.5519782803\H,-2.8201100507,-3.3374407935,3.0804241888\H,-3.6503 
 957186,-1.0446188046,3.6634590424\H,-1.8501970449,0.3502667942,4.63256 
 87102\H,-0.4267186499,-3.6051329255,3.6255138782\H,-0.0215556873,-1.41 
 3287198,4.8592426349\H,-1.8777454321,-3.5328726941,1.5871966987\H,-3.2 
 563148719,0.3100503293,2.5879163501\C,3.8040116096,-0.7594188184,2.502 
 9611961\N,5.0294149833,-1.038698004,1.8909945373\C,5.085387688,-0.2651 
 689411,0.8389963011\O,4.0454091611,0.5546457196,0.6073773547\C,3.11999 
 44803,0.3812210992,1.7307311587\C,6.1894379196,-0.2227504157,-0.120119 
 257\C,8.3043008863,-0.1747153123,-1.9410203352\C,7.2783910491,-1.09591 
 56672,0.0436269716\C,6.1639805047,0.6728083621,-1.2024605876\C,7.22242 
 39393,0.6945419938,-2.1070704032\C,8.3313816667,-1.0679900065,-0.86519 
 75182\H,7.2838242937,-1.7855460176,0.8805462796\H,5.3218962057,1.34447 
 82137,-1.3265785916\H,7.2035503231,1.3873944691,-2.9426685274\H,9.1714 
 596479,-1.7438342791,-0.7386325892\H,9.1268304629,-0.1565037035,-2.650 
 1286747\O,3.356511335,-1.296479962,3.5003589872\C,3.1540160101,1.66523 
 77616,2.5641926709\H,2.5493772924,1.5283745137,3.4645621688\H,2.750821 
 2682,2.5030369191,1.9889524125\H,4.1769796367,1.904912552,2.8680225191 
 \H,-1.9180287825,-1.207828618,1.2341726111\C,1.692806375,-3.0781704994 
 ,-1.0364778104\C,2.5012637642,-2.1392278942,-0.1483743554\C,1.50505987 
 26,-1.100773554,0.3014706544\C,0.286841844,-1.387271491,-0.2394914159\ 
 N,0.4013958556,-2.5856587121,-1.073857866\H,3.3339849808,-1.7542821275 
 ,-0.7527550275\H,2.9565004589,-2.730722549,0.6578998201\C,1.7039648151 
 ,0.0626434485,1.2438069218\O,2.10764505,-4.0681746992,-1.6283945315\O, 
 -0.8690893241,-0.8168214452,-0.099632845\C,-0.6134764493,-3.0981166398 
 ,-1.9184672907\C,-2.5576531448,-4.1295374957,-3.6579715183\C,-1.318905 
 6994,-2.2410830065,-2.7765734196\C,-0.8885410552,-4.473047194,-1.93389 
 30588\C,-1.8529604575,-4.9820441318,-2.8047733543\C,-2.2877816657,-2.7 
 583532551,-3.6372915637\H,-0.3376128178,-5.134532198,-1.2754585793\H,- 
 2.0538192394,-6.0496675862,-2.8135897666\H,-2.8214407387,-2.0876651341 
 ,-4.3047004457\H,-3.3062213987,-4.5293262768,-4.3356342718\H,1.3037273 
 348,0.9846343113,0.8007002304\H,1.1344804198,-0.0802286834,2.173961776 
 1\H,-1.0939586182,-1.1807591316,-2.7743677911\H,-1.6396559,-2.06257404 
 1,5.1285248516\Cl,-2.5327188684,6.8862402268,-0.2063948485\Cl,2.108092 
 8572,4.4916730687,-1.7044277311\\Version=ES64L-G09RevD.01\State=1-A\HF 
 =-3083.7250268\RMSD=3.124e-09\RMSF=2.452e-06\Dipole=-2.964103,-1.59512 
 48,1.7797465\Quadrupole=24.2041969,-27.7435816,3.5393847,44.3752502,-2 
 5.5346976,-9.3019873\PG=C01 [X(C39H45Cl2N5O5)]\\@ 
 
int4’-R,S[IV] 
 1\1\GINC-R2983\FOpt\RB3LYP\6-31G(d,p)\C39H45Cl2N5O5\ROOT\20-Aug-2015\0 
 \\# b3lyp/6-31G** freq=noraman opt=maxcyc=200 scf=maxcyc=200 scrf=(smd 
 ,solvent=dichloromethane)\\1st C-C Michael addition product rotamer co 
 nf. 2: R(elec),S(nuc) (DCM opt; catalyst IV)\\0,1\H,-3.0399463594,3.50 
 54138788,-0.0641082403\C,-2.0128355193,3.8342433096,-0.1042701621\C,0. 
 6277250661,4.6938636802,-0.2284709715\C,-1.0194527643,2.9697505381,-0. 
 600678908\C,-1.6387473507,5.105476081,0.3168539041\C,-0.3291884391,5.5 
 769314867,0.270729587\C,0.317633531,3.4123357524,-0.6590365014\H,-0.06 
 82888039,6.5732383428,0.6030667233\H,1.0936392305,2.7521134395,-1.0312 
 331373\N,-1.2745237958,1.6742691366,-1.0479868923\H,-0.4855781595,1.18 
 29614097,-1.4720813742\C,-2.4931922709,1.0077884781,-1.0830989737\N,-2 
 .3653034313,-0.287825011,-1.5059842435\H,-1.4440776115,-0.7148454344,- 
 1.4466574818\C,-3.5147483744,-1.1435573088,-1.7579192969\H,-4.38588394 
 15,-0.6210116486,-1.3559373325\O,-3.5746969783,1.5240924345,-0.7797524 
 333\C,-3.7946108027,-1.3422231786,-3.2952335741\C,-4.0351497171,0.0444 
 978637,-3.9232214468\H,-3.1473281037,0.6788598454,-3.8515923993\H,-4.8 
 668700092,0.5673964765,-3.4388239077\H,-4.279764683,-0.0640430446,-4.9 
 855473217\C,-5.0682927958,-2.1885965153,-3.4922977967\H,-4.9326849047, 
 -3.2329801541,-3.1937585766\H,-5.3536889015,-2.1930578287,-4.549682998 
 1\H,-5.9128542469,-1.7790873883,-2.925191579\C,-2.6057203524,-2.010262 
 146,-4.0108404204\H,-2.7961949363,-2.0570957006,-5.0887668574\H,-2.436 
 4761359,-3.0374558779,-3.6699419989\H,-1.6818998948,-1.4418991839,-3.8 
 617657176\C,-3.3466251262,-2.4864783561,-1.0296606284\H,-4.2530026448, 
 -3.0847444866,-1.1277398304\H,-2.5131314893,-3.0545346335,-1.447193233 
 9\N,-3.0581334608,-2.3840330781,0.4466706543\C,-3.7592461775,-1.486898 
 2941,2.6842450337\C,-2.6939571587,-3.7560190702,2.5239625302\C,-3.6942 
 68325,-2.889821381,3.2974240631\C,-3.0080792126,-3.7775738998,1.031489 
 5185\C,-4.0542980937,-1.5265418376,1.1872060484\H,-2.8124700886,-0.961 
 6334816,2.8491843789\H,-1.6766681126,-3.3796162759,2.676524299\H,-3.98 
 57439117,-4.230605273,0.8399087082\H,-5.040251961,-1.9595308643,0.9876 
 587713\H,-4.542950228,-0.8858073266,3.1575686398\H,-2.7088822865,-4.79 
 14961548,2.8805814255\H,-3.4031295579,-2.8272472838,4.3507788908\H,-2. 
 2512923933,-4.3274631542,0.4682005014\H,-4.0180600854,-0.5252280264,0. 
 7584404408\C,1.6688557392,-0.470386832,-2.2675927635\N,2.6408097984,0. 
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 3197692058,-1.680191231\C,3.7023257898,-0.4447112637,-1.5742121732\O,3 
 .6070082299,-1.7000032536,-2.0284674153\C,2.2341091622,-1.8707817448,- 
 2.5162688845\C,4.9822890632,-0.0286410579,-1.0058618626\C,7.412868642, 
 0.7919326719,0.0914561556\C,6.0915777665,-0.8913246897,-1.0321993417\C 
 ,5.0975554028,1.2482439476,-0.4294091925\C,6.3105896959,1.6521669772,0 
 .1190302882\C,7.3025065427,-0.4770095151,-0.4845072281\H,6.0002067389, 
 -1.8738381672,-1.4817108414\H,4.2351007655,1.9053013306,-0.413792188\H 
 ,6.3983399807,2.6360551673,0.5692139541\H,8.1598208576,-1.1426139532,- 
 0.5052759666\H,8.3582848875,1.1104514743,0.520866243\O,0.528587615,-0. 
 1148618132,-2.5493114224\C,2.2878189365,-2.2304989499,-3.9962181121\H, 
 2.8406090044,-1.4794847714,-4.5678010409\H,1.2701862677,-2.2858644542, 
 -4.3919691206\H,2.7688030089,-3.2032868514,-4.1322525823\H,-2.07330103 
 41,-1.9862708711,0.5391903376\C,2.2664852463,-2.7906337217,2.114719523 
 3\C,2.673344289,-3.2479399858,0.7213836111\C,1.5763030552,-2.737436581 
 9,-0.1713080492\C,0.6249749683,-2.0970726121,0.5784523715\N,1.06849657 
 19,-2.1062256132,1.9869672527\H,2.7810285708,-4.3441743695,0.723169872 
 1\H,3.6769342834,-2.8499490377,0.5159631367\C,1.5135970438,-2.94192969 
 9,-1.6506796773\O,2.8923886561,-2.9702644053,3.1543453409\O,-0.4954844 
 035,-1.5576333976,0.2705793991\C,0.4927547817,-1.3307656598,3.02378907 
 31\C,-0.5783581257,0.2384181329,5.0950384181\C,0.0132493862,-0.0372783 
 502,2.7581249379\C,0.4286851408,-1.8326627717,4.3336468519\C,-0.097958 
 317,-1.0460467278,5.3592146465\C,-0.5228982584,0.7342806984,3.78948554 
 25\H,0.8050895035,-2.8257299998,4.5436244127\H,-0.1339128129,-1.444744 
 2477,6.3693658573\H,-0.8893321519,1.7332040287,3.569428255\H,-0.988534 
 2388,0.8467647654,5.8958803935\H,0.4732016622,-2.9343193855,-1.9976435 
 745\H,1.9397307445,-3.9128536996,-1.9375378906\H,0.0559272326,0.347268 
 0238,1.7472640458\H,-4.6883615064,-3.3555525489,3.2637765103\Cl,-2.893 
 5329412,6.1838071982,0.9397885832\Cl,2.3079805278,5.2329095255,-0.3113 
 483382\\Version=ES64L-G09RevD.01\State=1-A\HF=-3083.7360274\RMSD=7.642 
 e-09\RMSF=3.218e-06\Dipole=-1.9080665,-4.5004396,-1.5206902\Quadrupole 
 =25.9634855,-13.9259064,-12.0375791,35.426096,-17.3439335,14.5473554\P 
 G=C01 [X(C39H45Cl2N5O5)]\\@ 
 
int4-S,S[IV] 
 1\1\GINC-R186\FOpt\RB3LYP\6-31G(d,p)\C39H45Cl2N5O5\ROOT\20-Aug-2015\0\ 
 \# b3lyp/6-31G** freq=noraman opt=maxcyc=200 scf=maxcyc=200 scrf=(smd, 
 solvent=dichloromethane)\\1st C-C Michael addition product rotamer: S( 
 elec),S(nuc) (DCM opt; catalyst IV)\\0,1\H,-5.4026008473,-0.88253341,1 
 .5081102393\C,-5.1294120576,-1.5077923389,0.6721379607\C,-4.459689083, 
 -3.1069648847,-1.4987481087\C,-3.8648467332,-1.3696461675,0.0689261259 
 \C,-6.0165080668,-2.4456360118,0.158290926\C,-5.7209379729,-3.26612385 
 73,-0.9276304817\C,-3.5306250215,-2.1859442806,-1.0297096666\H,-6.4317 
 031701,-3.987969167,-1.3089020244\H,-2.5611069765,-2.0916665193,-1.506 
 3235852\N,-2.8985661012,-0.4764461321,0.5321134409\H,-1.9989794846,-0. 
 4595411347,0.0433749759\C,-3.1014984415,0.5666657246,1.4329158651\N,-1 
 .9262074005,1.1366490461,1.8549725154\H,-1.0729474682,0.8015351954,1.4 
 10034816\C,-1.9043049398,2.4835799775,2.4224708554\H,-2.9151447455,2.8 
 838760472,2.3099126687\O,-4.2112267212,0.9456641773,1.8139343489\C,-1. 
 6009110529,2.5163921453,3.9629307869\C,-2.6917945833,1.7023084034,4.68 
 52371337\H,-2.6866842026,0.6555742828,4.3693033045\H,-3.6905376047,2.1 
 057118676,4.4900126028\H,-2.521128735,1.7278550837,5.7670950702\C,-1.6 
 618171102,3.9706214879,4.4721980587\H,-0.8334127059,4.5817722055,4.099 
 8885883\H,-1.6045914586,3.984671852,5.5657975566\H,-2.6016262131,4.457 
 6670691,4.1857897842\C,-0.2270357745,1.9077991943,4.2930338857\H,-0.08 
 11861768,1.8837286013,5.3785590127\H,0.6015091232,2.4851195741,3.87004 
 74234\H,-0.147797428,0.879980445,3.9265327631\C,-0.9193672365,3.347330 
 2523,1.6149628063\H,-1.0054169779,4.3972508832,1.8962399697\H,0.110003 
 0642,3.0268029636,1.7832318689\N,-1.1166459318,3.2880147296,0.11783803 
 97\C,-2.6583937347,3.6730307479,-1.8259624524\C,-0.2001537417,4.131273 
 6035,-2.0720590081\C,-1.6062660691,4.543005227,-2.5221600875\C,-0.0677 
 955546,4.1513127788,-0.5527286269\C,-2.505065298,3.7015778711,-0.30732 
 56844\H,-2.5833382985,2.6369009166,-2.177591972\H,0.0377743191,3.12660 
 81738,-2.4411217289\H,-0.2033434575,5.1615579643,-0.1555613376\H,-2.65 
 73998827,4.7099470721,0.0896512101\H,-3.6716873359,4.0145784503,-2.061 
 0431013\H,0.5583517961,4.8090371451,-2.4777842982\H,-1.6978784691,4.45 
 01936041,-3.6090205531\H,0.9034378367,3.7734979392,-0.226445276\H,-3.2 
 165316039,3.0290726373,0.170327706\C,0.4779117699,-1.3307836742,-5.238 
 7152941\N,1.1032201179,-2.504648263,-4.8099745195\C,0.4286734903,-2.90 
 52000345,-3.7646181102\O,-0.6344757577,-2.1720794535,-3.3897173002\C,- 
 0.6940699028,-1.0269674434,-4.2960309038\C,0.7442725174,-4.0943586384, 
 -2.9716795947\C,1.3918239197,-6.3667981666,-1.4817326263\C,1.824690887 
 2,-4.9064130986,-3.3579865905\C,-0.0077144138,-4.4267108242,-1.8328829 
 662\C,0.3181743166,-5.5608820998,-1.093305338\C,2.1440126241,-6.037685 
 1849,-2.6137331288\H,2.4008168858,-4.6388979728,-4.2368389004\H,-0.837 
 2690079,-3.7982837316,-1.5307411922\H,-0.2643906193,-5.8159863637,-0.2 
 134699265\H,2.9790151384,-6.6629904005,-2.9142741947\H,1.643566297,-7. 
 2500705536,-0.9019951651\O,0.8014911921,-0.6483729993,-6.1949707165\C, 
 -2.0259201786,-1.0456056628,-5.0376828093\H,-2.0250702427,-0.250487208 
 4,-5.7884713434\H,-2.8572104077,-0.8766221295,-4.3477919197\H,-2.17871 
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 05853,-2.0005187252,-5.5483993029\H,-0.9348947671,2.2913276793,-0.1858 
 293623\C,2.9241832269,0.5293690452,-1.7234136078\C,2.1463192955,0.3932 
 617841,-3.0243816341\C,0.7035933108,0.3473110365,-2.5909454884\C,0.630 
 2589963,0.4780090933,-1.2321474028\N,1.99296343,0.5599479711,-0.695830 
 3995\H,2.5164634855,-0.5045107854,-3.5381629115\H,2.3885848798,1.23915 
 9131,-3.684785981\C,-0.4821739837,0.2892833967,-3.4985502717\O,4.14152 
 63599,0.5738103424,-1.5934112937\O,-0.3736010328,0.6085735241,-0.42634 
 01888\C,2.3419297283,0.4258826456,0.6710633812\C,3.1189231815,0.081309 
 0487,3.3454545894\C,1.7346488697,-0.5621822799,1.4617357553\C,3.335361 
 0166,1.2438489232,1.228855546\C,3.7229282148,1.0638808317,2.5576538007 
 \C,2.1214996119,-0.7264786741,2.791989487\H,3.8104497265,2.000345329,0 
 .6156054688\H,4.5001250618,1.6968210059,2.9767443758\H,1.6497577578,-1 
 .4984603589,3.3933949342\H,3.4239218218,-0.0569380089,4.3785229036\H,- 
 1.3895442643,0.4614504503,-2.9097714424\H,-0.4469430413,1.0705523923,- 
 4.2731882843\H,0.9749120724,-1.2012743557,1.0267496112\H,-1.7795368044 
 ,5.5984723717,-2.2742000014\Cl,-7.6006578702,-2.6077349412,0.923292093 
 5\Cl,-4.0368005959,-4.1225754046,-2.878846151\\Version=ES64L-G09RevD.0 
 1\State=1-A\HF=-3083.7296589\RMSD=4.007e-09\RMSF=9.207e-06\Dipole=-1.1 
 035357,4.4467105,3.0882316\Quadrupole=-45.5779272,62.7242351,-17.14630 
 8,-11.4655714,29.6684025,2.0612317\PG=C01 [X(C39H45Cl2N5O5)]\\@ 
 
TS4’-R,S[IV] 
 1\1\GINC-R3010\FTS\RB3LYP\6-31G(d,p)\C39H45Cl2N5O5\ROOT\23-Aug-2015\0\ 
 \# b3lyp/6-31G** freq=noraman opt=(ts,calcfc,noeigen,maxcyc=200) scf=m 
 axcyc=200 scrf=(smd,solvent=dichloromethane) iop(1/8=1)\\TS for de-pro 
 tonation of int1DA to give final pdt conf. 2: R(elec),S(nuc) (DCM opt; 
  catalyst IV)\\0,1\H,2.1443789872,-4.0003224,0.9245902033\C,1.16265478 
 31,-4.2082029086,0.5278310271\C,-1.3704487464,-4.7462961816,-0.4839429 
 539\C,0.5667062415,-3.3108768653,-0.3774284573\C,0.4571028704,-5.34855 
 62942,0.8953412956\C,-0.8115744129,-5.6577195411,0.411411502\C,-0.7183 
 384205,-3.5896115374,-0.8843632132\H,-1.3358210708,-6.5547745183,0.714 
 0306008\H,-1.1943668559,-2.8967846233,-1.5695796221\N,1.1876145057,-2. 
 1512886864,-0.8387200958\H,0.6468271856,-1.6051604686,-1.5069520699\C, 
 2.3325949189,-1.5478469923,-0.3418402005\N,2.6119959942,-0.3436932832, 
 -0.9415836462\H,2.0082265647,-0.0508796488,-1.702804338\C,3.915963986, 
 0.2922216756,-0.7924577033\H,4.3972508282,-0.2337733732,0.03390312\O,3 
 .0329727082,-2.0338938708,0.5526897123\C,4.8421929829,0.0649415995,-2. 
 051129807\C,4.9715581496,-1.4531380912,-2.2907074999\H,4.0137387045,-1 
 .9054234803,-2.56229314\H,5.3511736646,-1.9699242802,-1.4030942597\H,5 
 .6686732602,-1.6421565839,-3.1141585593\C,6.2545960534,0.6265326747,-1 
 .7813956059\H,6.27815626,1.7204368354,-1.7571656209\H,6.9383505547,0.3 
 105050662,-2.5766971783\H,6.6597726137,0.255847875,-0.8323121803\C,4.2 
 669778089,0.7165032307,-3.3239765307\H,4.9042181422,0.4802363092,-4.18 
 33510368\H,4.2186133732,1.8081946285,-3.2507801296\H,3.2632801956,0.34 
 37834599,-3.5560557807\C,3.8163318982,1.7877916093,-0.4239768304\H,4.8 
 326718274,2.1415602289,-0.238568243\H,3.4133079954,2.3756415859,-1.250 
 5703978\N,3.0018039032,2.1675951631,0.7895698191\C,2.5126918748,1.6682 
 317022,3.2113024651\C,2.7832129993,4.0440580555,2.4927840644\C,3.00452 
 26832,3.0526712164,3.6383503597\C,3.4258397034,3.5559893547,1.19439755 
 46\C,3.1947903473,1.2053649727,1.9253341794\H,1.4260317621,1.685120129 
 9,3.0690347647\H,1.7103670675,4.20475404,2.3548468113\H,4.5160489711,3 
 .5427383405,1.3123281311\H,4.2757933175,1.1092739482,2.0929107223\H,2. 
 7189059579,0.9191376915,3.9834933621\H,3.2202308004,5.0216340704,2.725 
 1912348\H,2.4790913945,3.3882877543,4.5384729099\H,3.1874509509,4.2183 
 230426,0.3574531388\H,2.8165610103,0.2330094174,1.6130967248\C,-0.6813 
 146622,0.5071604249,-2.6508818244\N,-2.0008341122,0.134161032,-2.45467 
 96052\C,-2.6364419614,1.236469282,-2.1498109565\O,-1.926761271,2.37996 
 2059,-2.1408943498\C,-0.5802738455,2.0342959886,-2.5910491095\C,-4.057 
 4535677,1.3275308331,-1.8239723195\C,-6.7797517117,1.4671244171,-1.225 
 1455859\C,-4.6572521601,2.5722708302,-1.5674551982\C,-4.8286185902,0.1 
 530587552,-1.7782836783\C,-6.1852449845,0.2270937179,-1.4794174117\C,- 
 6.0155577224,2.6369051741,-1.2689650045\H,-4.0609382729,3.4769935267,- 
 1.6062991613\H,-4.353754677,-0.801955347,-1.9735372518\H,-6.7795616731 
 ,-0.6804961889,-1.4422592581\H,-6.4795889679,3.5982187342,-1.071301814 
 2\H,-7.8389299171,1.5215961754,-0.9911355465\O,0.2534564518,-0.2468730 
 605,-2.9120599337\C,-0.4040247101,2.5860612342,-4.0107552716\H,-1.1645 
 719044,2.1875362581,-4.688554691\H,0.5802377905,2.2986281687,-4.390656 
 7587\H,-0.4737732195,3.6771268323,-4.0004170687\H,1.8090343303,2.27068 
 79781,0.4489159069\C,-0.9720221533,3.3006774378,1.7424793417\C,-0.2708 
 229443,3.7898939684,0.4899873437\C,0.340744604,2.5370712838,-0.1350812 
 388\C,-0.3688795294,1.4329929821,0.4618804583\N,-1.0414701134,1.913946 
 3771,1.6543414015\H,0.4204643289,4.5998410091,0.7409711981\H,-1.045824 
 0639,4.2326284024,-0.1556293179\C,0.5263418645,2.567470905,-1.64970590 
 94\O,-1.4012604222,3.98238043,2.6629597305\O,-0.4435478037,0.251770647 
 6,0.1172009816\C,-1.7310196159,1.0773308341,2.5758264382\C,-3.09386443 
 59,-0.5686875897,4.389808018\C,-1.1849937259,-0.1575664456,2.953056369 
 2\C,-2.964424716,1.4823363873,3.1054829494\C,-3.6341869759,0.662966836 
 5,4.0136932156\C,-1.8706760163,-0.9747353051,3.8521691154\H,-3.3884429 
 179,2.4343661232,2.8117231911\H,-4.5872491143,0.9885803605,4.420995939 
A7-24 
 
 7\H,-1.4417334834,-1.9320769609,4.1340809546\H,-3.621549026,-1.2064038 
 054,5.0930547581\H,1.4077113935,2.0056369441,-1.9722769836\H,0.7273699 
 546,3.6047881439,-1.9409605336\H,-0.2404676331,-0.4791676805,2.5330550 
 55\H,4.0732221786,3.0030539735,3.8874838879\Cl,1.213924372,-6.47097091 
 89,2.0327299065\Cl,-2.9803219421,-5.0791652154,-1.1294319816\\Version= 
 ES64L-G09RevD.01\State=1-A\HF=-3083.707525\RMSD=6.505e-09\RMSF=1.386e- 
 06\Dipole=2.0328796,4.8321674,-1.5649333\Quadrupole=33.6112616,-22.249 
 1277,-11.3621339,18.8150399,2.9946751,-12.9200023\PG=C01 [X(C39H45Cl2N 
 5O5)]\\@ 
 
TS4-R,S[IV] 
 1\1\GINC-R3013\FTS\RB3LYP\6-31G(d,p)\C39H45Cl2N5O5\ROOT\22-Aug-2015\0\ 
 \# b3lyp/6-31G** freq=noraman opt=(ts,calcfc,noeigen,maxcyc=200) scf=m 
 axcyc=200 scrf=(smd,solvent=dichloromethane) iop(1/8=1)\\TS for de-pro 
 tonation of int1DA to give final pdt: S(elec),S(nuc) (DCM opt; catalys 
 t IV)\\0,1\H,-3.9908055851,-3.1248668685,-1.2608138476\C,-4.2970138028 
 ,-2.0929818975,-1.179004358\C,-5.0928948545,0.5626305358,-0.9535691754 
 \C,-3.326655662,-1.0751169843,-1.1295466518\C,-5.6392162203,-1.7359255 
 192,-1.11286322\C,-6.0811798945,-0.419493457,-0.9998134405\C,-3.738063 
 5277,0.2678452461,-1.0133721878\H,-7.1334875438,-0.1720812683,-0.94979 
 99829\H,-2.9997662832,1.0609294323,-0.975551984\N,-1.956624165,-1.3113 
 610271,-1.2070947812\H,-1.3491946348,-0.4925051483,-1.1550578065\C,-1. 
 297292167,-2.5401490048,-1.2338894134\N,0.0497877041,-2.3911564342,-1. 
 4001956941\H,0.407166078,-1.444783349,-1.5034388731\C,0.9937817387,-3. 
 4959409424,-1.3531545519\H,0.4347599078,-4.358631632,-0.9854747768\O,- 
 1.8606531007,-3.6307381215,-1.1034861812\C,1.5283953904,-3.904774227,- 
 2.778339065\C,0.3183747601,-4.154491105,-3.6997125508\H,-0.2446985499, 
 -3.2354344304,-3.8838161948\H,-0.3692055941,-4.8910122575,-3.271576191 
 7\H,0.6617537771,-4.5329965969,-4.6685690215\C,2.3319250862,-5.2175898 
 705,-2.6779655154\H,3.2674506841,-5.1011562658,-2.1219782967\H,2.59748 
 77366,-5.5703534253,-3.6804077118\H,1.7458179815,-6.0083542864,-2.1947 
 181756\C,2.4082306724,-2.8046846702,-3.40219282\H,2.6656653014,-3.0703 
 072644,-4.4335552644\H,3.349705061,-2.6675919859,-2.8602230463\H,1.890 
 1279316,-1.8396664436,-3.4342023236\C,2.1417081711,-3.1674843688,-0.37 
 88827172\H,2.8478329415,-4.0005328591,-0.3807637168\H,2.6797910473,-2. 
 2764304043,-0.7147103764\N,1.7678610028,-2.9043377532,1.0590951368\C,0 
 .4393649904,-3.7453225956,3.0474088769\C,2.7756511753,-2.936973248,3.3 
 881775176\C,1.7177216831,-3.9347118815,3.866310127\C,3.0185121053,-3.0 
 621634549,1.8846380959\C,0.7054547477,-3.8482669727,1.5466507529\H,-0. 
 0101219206,-2.7736924703,3.2803607172\H,2.4580249686,-1.9200050849,3.6 
 419182076\H,3.4333387911,-4.0535169751,1.665132474\H,1.0411430776,-4.8 
 651987421,1.3040891746\H,-0.3078441356,-4.5060439691,3.2987537773\H,3. 
 7345391649,-3.1032055501,3.8914179436\H,1.5148724332,-3.7958600847,4.9 
 333783513\H,3.7338416938,-2.3155305631,1.5300130037\H,-0.2083448463,-3 
 .6568735982,0.9856550971\C,0.11523302,1.8822557228,3.5916099902\N,0.49 
 4157519,3.1665867356,3.1861138759\C,0.037456229,3.3026518485,1.9690891 
 205\O,-0.6343713878,2.2676793472,1.4338090361\C,-0.6885778112,1.228033 
 085,2.458029472\C,0.1932352429,4.4947510903,1.1357656682\C,0.496302267 
 7,6.786983171,-0.4278768996\C,-0.370880437,4.5476527373,-0.1500533031\ 
 C,0.9096973349,5.5960554751,1.6342977043\C,1.0591057125,6.7365926138,0 
 .8513573516\C,-0.2175219324,5.6935643653,-0.926597183\H,-0.9225134759, 
 3.6954437583,-0.5305289402\H,1.3406333055,5.5429124067,2.6280429106\H, 
 1.61377615,7.5865460528,1.2364678217\H,-0.655272624,5.7349949858,-1.91 
 9107669\H,0.614220351,7.6789633578,-1.0361676347\O,0.3549862649,1.3650 
 150602,4.6681425626\C,-2.1474933884,1.0512151665,2.8818201476\H,-2.200 
 9270273,0.3287466846,3.7008168695\H,-2.7470004576,0.6816058568,2.04554 
 00623\H,-2.5722727777,1.9974688522,3.2294447531\H,1.469299936,-1.66340 
 14178,1.1169732344\C,3.4173777017,0.8595748941,0.7843063439\C,2.516103 
 1324,0.4292130181,1.9245032309\C,1.2603970901,-0.1237963523,1.24175473 
 35\C,1.3153885684,0.3840497034,-0.1079426427\N,2.6363264951,0.87004728 
 21,-0.3714484016\H,2.3301109705,1.3309480752,2.523743816\H,3.057064392 
 1,-0.2587140383,2.5777657777\C,-0.0905884363,-0.1049158185,1.942937624 
 3\O,4.6000459538,1.1544400713,0.8413201955\O,0.4521353307,0.39074697,- 
 1.0085497167\C,3.1103601835,1.2737181878,-1.6556986827\C,4.0514855284, 
 2.0727915864,-4.1648680445\C,2.3753075478,2.1886154657,-2.4186592987\C 
 ,4.3193542257,0.7638119316,-2.144878607\C,4.787352307,1.1693248325,-3. 
 3952231511\C,2.8455635498,2.5776035909,-3.6730941387\H,4.8896791611,0. 
 0640915717,-1.5454939126\H,5.7275188967,0.7733177536,-3.7679414348\H,2 
 .2698725753,3.2846835948,-4.2632971459\H,4.4158489062,2.3831245439,-5. 
 1397687702\H,-0.8353438304,-0.5486945401,1.2754030571\H,-0.0589375497, 
 -0.7402773555,2.8351528839\H,1.4471122663,2.5877489139,-2.0290625594\H 
 ,2.0902810056,-4.9600304759,3.7398592225\Cl,-6.850718805,-3.0201990452 
 ,-1.1746076906\Cl,-5.5864594979,2.2515965276,-0.8145299782\\Version=ES 
 64L-G09RevD.01\State=1-A\HF=-3083.7138994\RMSD=5.849e-09\RMSF=1.947e-0 
 6\Dipole=2.3443561,-1.7493535,-0.9527068\Quadrupole=-22.6514223,30.355 
 0566,-7.7036343,-29.9871955,-12.1925118,-24.91153\PG=C01 [X(C39H45Cl2N 
 5O5)]\\@ 
 
4a 
A7-25 
 
 1\1\GINC-R1345\FOpt\RB3LYP\6-31G(d,p)\C21H18N2O4\ROOT\19-Aug-2015\0\\# 
 b3lyp/6-31G** freq=noraman opt=maxcyc=200 scf=maxcyc=200 scrf=(smd,sol 
 vent=dichloromethane) iop(1/8=1)\\Diels-Alder product - R(elec),S(nuc) 
 \\0,1\C,-4.2277663937,2.2459028551,0.9357545208\N,-5.0818046471,1.9084 
 247208,-0.080639004\C,-6.1811953741,1.1213605698,0.4956535141\O,-6.325 
 3019626,1.7465526931,1.7627154087\C,-4.9355444897,1.6733639839,2.17854 
 43171\C,-7.4464208616,1.1564386681,-0.3239993754\C,-9.8064246408,1.208 
 2461652,-1.8385446094\C,-8.6625094602,1.5089041535,0.2737799645\C,-7.4 
 197060137,0.8326825748,-1.6881028582\C,-8.5948099353,0.8595294536,-2.4 
 399014483\C,-9.8364335448,1.5336253219,-0.4817662638\H,-8.6842971352,1 
 .7724289703,1.3253155072\H,-6.4860315245,0.5634174815,-2.1741157247\H, 
 -8.5612441506,0.6103944258,-3.4963384225\H,-10.7732418092,1.811688623, 
 -0.0078061044\H,-10.7199905221,1.2288682501,-2.4254499192\O,-3.1446038 
 592,2.8029769443,0.863189489\C,-4.6839870778,2.3666412318,3.4897927095 
 \H,-4.9712158759,3.4202081822,3.4326423399\H,-3.6187178861,2.315555686 
 1,3.7313324659\H,-5.2479081035,1.8872369587,4.2947402167\C,-6.77876507 
 79,-2.3624169973,0.3116292463\C,-6.7366493402,-1.2870576857,1.37809655 
 22\C,-5.619859325,-0.3181258397,0.9574053291\C,-4.9108506141,-1.049435 
 959,-0.1796722415\N,-5.6682164213,-2.1737835031,-0.5303600542\H,-6.509 
 3432531,-1.7761690883,2.3306638007\H,-7.7209138813,-0.8251456106,1.479 
 2660294\C,-4.6695280848,0.1385534877,2.1021508078\O,-7.5893841797,-3.2 
 575032451,0.1939481484\O,-3.876226316,-0.715818198,-0.7261493072\C,-5. 
 3433909688,-3.0417190526,-1.6225168837\C,-4.7214513151,-4.7271170865,- 
 3.751371844\C,-6.2970986937,-3.2814065691,-2.6160428158\C,-4.080496272 
 3,-3.6370694736,-1.6863230671\C,-3.7727285484,-4.4763141478,-2.7573948 
 567\C,-5.9825038597,-4.1313173507,-3.6764245762\H,-3.3511477833,-3.444 
 9035549,-0.9075410033\H,-2.7914588508,-4.9383136107,-2.8103785024\H,-6 
 .7232527509,-4.3221917584,-4.4471459186\H,-4.4793490455,-5.3851694342, 
 -4.580584407\H,-3.6198343018,-0.083831747,1.8960375368\H,-4.9472654427 
 ,-0.3299843591,3.0491062085\H,-7.2698010209,-2.8064566096,-2.556508515 
 7\H,-4.7583303848,1.8022484797,-1.0336863891\\Version=ES64L-G09RevD.01 
 \State=1-A\HF=-1221.5714614\RMSD=5.546e-09\RMSF=6.201e-06\Dipole=-1.11 
 46751,-0.7916259,-0.0061349\Quadrupole=-4.6106876,-12.7698135,17.38050 
 11,-17.5495759,3.4723637,3.3162109\PG=C01 [X(C21H18N2O4)]\\@ 
 
3a’ 
 1\1\GINC-R50\FOpt\RB3LYP\6-31G(d,p)\C21H18N2O4\ROOT\27-Aug-2015\0\\#b3 
 lyp/6-31G** opt=maxcyc=200 scf=maxcyc=200 freq=noraman scrf=(solvent=d 
 ichloromethane,smd)\\Michael product: S(elec),S(nuc)\\0,1\C,-2.3938294 
 243,-0.112164963,2.0599493721\N,-2.0849061496,1.2497366381,2.090869055 
 7\C,-2.9974155422,1.8423926969,1.369408171\O,-3.9491842415,1.072422062 
 1,0.8082050256\C,-3.6640623966,-0.3079371198,1.2076442927\C,-3.0738347 
 191,3.2810999758,1.1182831685\C,-3.1832789121,6.0306445741,0.650864796 
 6\C,-4.1231907086,3.8229494376,0.3568704211\C,-2.0792262875,4.12393756 
 38,1.6437315165\C,-2.1375518936,5.4939592864,1.4088757921\C,-4.1743690 
 765,5.1953917258,0.1275758706\H,-4.891118135,3.1716651913,-0.045179395 
 3\H,-1.2738506456,3.6934076653,2.228487179\H,-1.3684252988,6.144355445 
 6,1.8137647127\H,-4.9857522561,5.6141478346,-0.4595887969\H,-3.2259871 
 3,7.1004025041,0.4683067295\O,-1.7757618733,-1.0061973483,2.6061967073 
 \C,-4.8242497012,-0.8200663477,2.0551662912\H,-4.9761345059,-0.1754933 
 39,2.925461762\H,-4.5927442434,-1.8287874423,2.4080999764\H,-5.7544708 
 863,-0.8504898186,1.4830325674\H,-5.3609796128,-1.7716841608,-0.478866 
 3679\C,-5.060708033,-0.7428470784,-3.2958673979\C,-4.9149955002,-0.187 
 3190281,-1.8920844825\C,-4.4911364182,-1.3790917303,-1.0195757762\C,-4 
 .1334336136,-2.4714358489,-2.0278515386\N,-4.5465601784,-2.0516602542, 
 -3.2998052494\H,-5.849546734,0.2852619614,-1.5826391877\H,-4.147481193 
 7,0.5932315593,-1.922360477\C,-3.3378450521,-1.1508975183,-0.032743771 
 1\O,-5.5107894847,-0.1758685494,-4.2704899289\O,-3.6074126364,-3.53931 
 65209,-1.7858489223\C,-4.4507701335,-2.8645048442,-4.4749225754\C,-4.2 
 670098865,-4.4456824415,-6.7626243397\C,-5.5874544136,-3.0824688363,-5 
 .2589074939\C,-3.222577975,-3.4314728537,-4.8276152293\C,-3.1377348069 
 ,-4.2272710584,-5.9703451621\C,-5.4885417754,-3.8698524162,-6.40620941 
 18\H,-2.347658265,-3.2517960764,-4.2133964014\H,-2.1850014976,-4.67131 
 38568,-6.2429601883\H,-6.370231353,-4.0370778471,-7.0176190569\H,-4.19 
 56110797,-5.062065943,-7.6539081881\H,-2.4940804375,-0.6891937428,-0.5 
 587656361\H,-2.9917578954,-2.1219993381,0.3351816586\H,-6.5343379966,- 
 2.6390497997,-4.9728000917\\Version=ES64L-G09RevD.01\State=1-A\HF=-122 
 1.5900222\RMSD=4.952e-09\RMSF=2.252e-05\Dipole=-1.5887213,1.8016454,-0 
 .6242159\Quadrupole=-1.3111802,13.8831727,-12.5719925,5.9937187,-14.24 
 9885,14.2678018\PG=C01 [X(C21H18N2O4)]\\@ 
 
3a 
 1\1\GINC-R904\FOpt\RB3LYP\6-31G(d,p)\C21H18N2O4\ROOT\19-Aug-2015\0\\#b 
 3lyp/6-31G** opt=maxcyc=200 scf=maxcyc=200 freq=noraman scrf=(solvent= 
 dichloromethane,smd)\\Michael product: R(elec),S(nuc)\\0,1\C,-1.282608 
 2918,-1.6323810558,-2.0686684016\N,-1.2430989239,-1.8572124654,-0.6913 
 582092\C,-2.221014768,-1.1529989822,-0.1856469015\O,-2.9805575875,-0.4 
 384852389,-1.0336191143\C,-2.4392777425,-0.6604477326,-2.3718973071\C, 
 -2.5652883361,-1.0824629526,1.2338040976\C,-3.2024710211,-0.9730354766 
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 ,3.9487481841\C,-3.5811124377,-0.2218602961,1.6822957225\C,-1.86843892 
 87,-1.8859797692,2.1524911497\C,-2.1897969992,-1.8295575152,3.50503743 
 24\C,-3.8949582157,-0.1703020655,3.0378809753\H,-4.1069957527,0.405749 
 9819,0.9720430148\H,-1.085821349,-2.5455234695,1.794012386\H,-1.652463 
 8263,-2.451576938,4.2142037747\H,-4.6777221086,0.4969021024,3.38524459 
 38\H,-3.4504509966,-0.9297217191,5.005280146\O,-0.5335370224,-2.107288 
 5785,-2.9022309565\C,-3.5110275353,-1.3191802229,-3.234259266\H,-3.887 
 179637,-2.2261301763,-2.752558939\H,-3.072835602,-1.5958064968,-4.1971 
 766531\H,-4.3555274118,-0.6476477985,-3.4116748787\H,-3.9223454837,1.4 
 376748208,-2.8753365933\C,-3.0923212467,4.0841972579,-3.880823842\C,-2 
 .8766657539,2.6482878643,-4.3165090232\C,-2.9048777775,1.8200397381,-3 
 .0212054075\C,-2.7231499416,2.865228941,-1.9206134772\N,-2.940278724,4 
 .1338684543,-2.4847374629\H,-1.8964176168,2.59712444,-4.8056249277\H,- 
 3.6293968935,2.3587638993,-5.0527270084\C,-1.8888844993,0.6615319349,- 
 2.9299773457\O,-3.3271606693,5.0445944561,-4.5858450361\O,-2.455200361 
 1,2.6686380863,-0.7531037857\C,-2.9677259124,5.3454609395,-1.723067568 
 6\C,-3.0247805405,7.7035155776,-0.2367919105\C,-2.1462152839,6.4155944 
 595,-2.08959899\C,-3.8168797866,5.4475576848,-0.6171487214\C,-3.837653 
 5321,6.6274312122,0.1265277582\C,-2.1833742417,7.5955525184,-1.3463618 
 934\H,-4.4526003492,4.6124111294,-0.3443591236\H,-4.4947311982,6.70551 
 7602,0.9875531373\H,-1.5474391114,8.4278451394,-1.6328250056\H,-3.0466 
 414943,8.622016678,0.342142221\H,-1.0350602034,0.9705402372,-2.3189087 
 602\H,-1.4981590558,0.4295931444,-3.9254449677\H,-1.4878558293,6.32396 
 06501,-2.9461631157\\Version=ES64L-G09RevD.01\State=1-A\HF=-1221.58608 
 82\RMSD=4.946e-09\RMSF=6.573e-06\Dipole=-1.7461674,0.6327253,0.9283786 
 \Quadrupole=-2.7394359,-10.1017526,12.8411886,15.1669606,-2.3150858,0. 
 8590497\PG=C01 [X(C21H18N2O4)]\\@ 
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10.7 Appendix 8 for Paper 7 
 
Asymmetric [4 + 2] annulation of 5H-thiazol-4-ones with a 
chiral dipeptide-based Brønsted base catalyst 
 
Computational methods 
All quantum chemical calculations were carried out with Gaussian 091. All ΔG values are reported 
relative to the individual free starting materials 1, 2 and catalyst III. 
Optimization of minimum and transition state (TS) structures were first carried out with Becke’s 
three parameter2 and Lee-Yang-Parr’s3 B3LYP density functional using Pople’s4 6-31G(d,p) basis 
set under the SMD5 polarizable continuum solvent model (toluene parameters). It is important to 
note that Simón and Goodman6 showed that B3LYP/6-31G(d) is adequate to model a variety of 
organocatalytic reactions. Subsequently, Houk et al7 applied the dispersion-corrected meta-hybrid 
M06-2X(D3) approach towards modelling stereoselective intramolecular Aldol reaction and 
thiourea-amine catalyzed Nazarov cyclization with excellent qualitative agreement to experiment.  
The B3LYP/6-31G(d,p) thermal and vibrational corrections from frequency calculations were 
combined to higher level single-point energies of the optimized geometries. The single-point 
energies were evaluated with Peverati and Truhlar’s screened-exchange density functional 
MN12-SX under same polarizable continuum solvent model toluene parameters, herein termed 
MN12-SX/SMD.8 The newer meta-hybrid non separable gradient MN12-SX functional was 
assessed to perform better in chemical energetics and thus preferred over M06-2X.9 In 
conjunction with the MN12-SX/SMD, the Wiegend and Aldrich’s def2-TZVPP triple zeta quality 
basis set was used.10 Second order derivative or Hessian of the completed calculations were 
checked to verify transition state structures having only one negative eigenvalue and none for 
minimum. 
Gibbs free energies in solution were calculated from the geometries, frequencies and improved 
energies using a thermocycle in which the gas-phase was treated using the standard textbook 
formulae for an ideal gas under the harmonic oscillator / rigid rotor approximation, and the Gibbs 
free energies of solvation (in toluene) were then calculated using the SMD continuum solvation 
model. Corrections were included to consider passage of 1 atm gas into 1M in solution, ΔG1atm→1M 
as follows11:  
ΔG1atm→1M = dN*R*T*ln(RT/P) 
where dN is the number of moles of gas change from reactant to product and ln(RT/P) equals to 
1.89 at 298 K. We have recently shown that this approach provides an excellent quantitative 
description of the temperature dependent behavior of solution-phase Diels-Alder reactions.12  
Electron density topological analyses based on the reduced density gradient was carried out with 
NCIplot13 to qualify regions of non-covalent interactions especially hydrogen bonding (H-
bonding) or regions of repulsive interactions. Regions which are attractive have sign of the second 
density Hessian eigenvalue, sign(λ2), as positive and repulsive as negative. The electron density 
ρ(r) is set at an isovalue of 0.4 au in the sign(λ2)ρ(r) range of -0.4 to 0.4, which corresponds to 
blue-green-red color scale (see Figure S1). The 3-D molecular graphics for NCIplot were rendered 
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with VMD14 and graphics inset corresponding to the NCIplot showing key H-bond interactions 
in figure 3 of the manuscript were rendered with Cylview15. 
 
Figure S1. Non-covalent interaction isosurfaces of optimized TS structures of Mannich process (TS2A-
S,S and TS2A-R,R) and the protonation process (TS2’A-S,S and TS2’A-R,R). Blue-green-red color scale 
from -0.4 < sign(λ2)ρ(r) > 0.4 au, where blue (positive) is favorable and red (negative) is unfavorable 
interaction. Two images for each TS are flipped horizontally to allow viewing from the front and back 
sides. 
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Molecule MN12SX E  B3LYP E Gcorrection Hcorrection 
ZPE 
(298K) 
Gsol 
(MN12SX) 
III -2265.238831 -2265.933466 0.526197 0.640233 0.60057 -2264.703614 
1 -930.478833 -930.724803 0.119136 0.169065 0.157119 -930.359697 
2 -513.963184 -514.176050 0.101575 0.146955 0.136956 -513.861609 
TS1A-R,R -3709.692433 -3710.841985 0.796699 0.960728 0.899259 -3708.892727 
TS1A-S,S -3709.695202 -3710.844099 0.796696 0.961218 0.899614 -3708.895499 
TS1B-R,R -3709.69039 -3710.83715 0.797744 0.961166 0.899645 -3708.889639 
TS1B-S,S -3709.688422 -3710.838464 0.797171 0.961137 0.899743 -3708.888244 
int1A-R,R -3709.705159 -3710.854112 0.799168 0.96316 0.90194 -3708.902984 
int1A-S,S -3709.714753 -3710.863604 0.800902 0.963818 0.902572 -3708.910844 
int1B-R,R -3709.714366 -3710.860514 0.796381 0.961835 0.899977 -3708.914978 
int1B-S,S -3709.713598 -3710.861334 0.798688 0.962503 0.901149 -3708.911903 
TS2A-R,R -3709.699503 -3710.843566 0.804677 0.962433 0.902263 -3708.891819 
TS2A-S,S -3709.698245 -3710.843839 0.799844 0.962093 0.901234 -3708.895394 
int2A-R,R -3709.710927 -3710.853914 0.802751 0.964022 0.903051 -3708.905169 
int2A-S,S -3709.71474 -3710.857422 0.800695 0.963549 0.902543 -3708.911038 
TS2'A-R,R -3709.690718 -3710.836448 0.795499 0.957718 0.896357 -3708.892212 
TS2'A-S,S -3709.693888 -3710.837503 0.798308 0.957859 0.897082 -3708.892573 
int2'A-R,R -3709.712573 -3710.860005 0.792608 0.962243 0.899753 -3708.916958 
int2'A-S,S -3709.712922 -3710.861514 0.795597 0.962489 0.900231 -3708.914318 
 
*All energy values in hatrees. 
A8-5 
 
Gaussian Archive Files 
 
 
Catalyst III 
 1\1\GINC-R1102\FOpt\RB3LYP\6-31G(d,p)\C25H36F6N4O1S1\ROOT\09-Dec-2015\ 
 0\\# freq=noraman rb3lyp/6-31g** opt=maxcyc=200 scf=maxcyc=200 scrf=(s 
 md,solvent=toluene)\\Catalyst III\\0,1\C,1.9345173079,0.1913285951,-1. 
 2675001586\O,2.7222233811,-0.0115586208,-2.1905041561\C,1.0106971573,1 
 .4394955675,-1.3269008674\H,0.645363335,1.4648738374,-2.355854527\N,1. 
 8184572705,-0.5798134111,-0.158914149\H,1.0738800145,-0.3245909597,0.4 
 718634769\C,2.6492454085,-1.7284155289,0.2519299286\H,2.4689319057,-1. 
 8051190086,1.3308211293\C,2.1719890722,-3.1040802263,-0.3402051028\C,0 
 .6437094855,-3.217673919,-0.1766577936\H,0.1121645481,-2.4877299589,-0 
 .7921152638\H,0.3374482578,-3.0747134033,0.8680231677\H,0.3043017939,- 
 4.2137057113,-0.4809826574\C,2.5322001042,-3.2642068952,-1.829019438\H 
 ,2.1307405187,-2.4483810422,-2.4337829887\H,2.1251325727,-4.2074545727 
 ,-2.2112858297\H,3.6154797385,-3.2896756892,-1.9864691966\C,2.81628368 
 24,-4.2514734696,0.4676217447\H,3.9049038954,-4.2836959,0.3649586651\H 
 ,2.4316736996,-5.2156645468,0.1178654957\H,2.5824557205,-4.1737072856, 
 1.5365026558\C,4.1490892125,-1.4358323091,0.0511560015\H,4.7191826574, 
 -2.3523108328,0.28289469\H,4.3201618973,-1.1936768557,-0.9978704599\N, 
 4.636044141,-0.3165031866,0.8549308163\C,5.9845376224,0.1133510513,0.4 
 62546004\H,5.9653950685,0.5831364452,-0.5257586169\H,6.6786769798,-0.7 
 486247418,0.4079606765\C,6.4152538149,1.065952585,1.5896537744\H,7.495 
 9584795,1.0321948572,1.7529615673\H,6.15458027,2.098312689,1.340152949 
 1\C,4.7481579731,-0.5816959913,2.29408829\H,5.2546508957,-1.5492740071 
 ,2.4818874798\H,3.7634183122,-0.6312522996,2.76944665\C,5.6066390903,0 
 .582485208,2.8266273613\H,6.2501935688,0.2545677982,3.6478160651\H,4.9 
 736191167,1.3868462685,3.2125657352\N,-0.1595420705,1.3332697755,-0.45 
 22302794\H,-0.1028967702,1.8337715807,0.4267243583\C,1.774772315,2.784 
 504687,-1.0410692578\C,2.8993065031,2.9798408282,-2.0762303819\H,3.382 
 1201824,3.9488390641,-1.9080383853\H,2.5041851409,2.9749525477,-3.0973 
 922727\H,3.657526666,2.1990607342,-2.0140345912\C,0.7869700397,3.96061 
 87813,-1.1910797265\H,1.3215996731,4.9099194184,-1.081037854\H,0.31018 
 95316,3.9585507434,-2.1772513457\H,-0.0082995073,3.949228743,-0.437976 
 7755\C,2.3846461119,2.790653866,0.3751985688\H,1.6248830384,2.71510565 
 84,1.1655085401\H,2.9159442158,3.7325868354,0.5487537325\H,3.094517527 
 2,1.9693082066,0.5168708945\C,-1.3734823931,0.8308135204,-0.8138098533 
 \N,-2.3408405425,1.0707516051,0.1409349841\H,-2.1224123162,1.795846689 
 7,0.8144984513\C,-3.6722429153,0.6197129142,0.2286350453\C,-6.34628870 
 77,-0.1817627483,0.5763075794\C,-4.5914077565,1.4627833248,0.868164970 
 7\C,-4.0936174068,-0.6367994761,-0.2249863883\C,-5.4239186959,-1.01734 
 21487,-0.0527575816\C,-5.9129009696,1.0586266636,1.0424324835\H,-4.277 
 5860816,2.441848976,1.2154116223\H,-3.3966674364,-1.299884231,-0.71585 
 38118\H,-7.3795857217,-0.4857340693,0.6915724522\C,-5.8582040808,-2.39 
 26746795,-0.4905093553\C,-6.8803771074,1.9477472162,1.7772181303\F,-5. 
 1116366962,-2.8626108081,-1.5100467778\F,-5.7534041112,-3.2895656308,0 
 .5206549455\F,-7.1495013658,-2.407385535,-0.8895254796\F,-6.9916248115 
 ,1.5939605879,3.080272198\F,-6.4996084107,3.2446310506,1.7564853412\F, 
 -8.1213692613,1.8803497818,1.2496709851\S,-1.6294862095,0.0131052177,- 
 2.2613320743\\Version=ES64L-G09RevD.01\State=1-A\HF=-2265.9334657\RMSD 
 =3.062e-09\RMSF=3.879e-06\Dipole=1.5061837,1.3993149,2.5813559\Quadrup 
 ole=-5.5669599,10.3516241,-4.7846643,-1.1306324,8.696064,-1.3952121\PG 
 =C01 [X(C25H36F6N4O1S1)]\\@ 
 
Nucleophile 1 
 1\1\GINC-R187\FOpt\RB3LYP\6-31G(d,p)\C9H8N2O1S1\ROOT\08-Dec-2015\0\\#  
 freq=noraman rb3lyp/6-31g** opt=(maxcyc=200) scf=maxcyc=200 scrf=(smd, 
 solvent=toluene)\\thialzone\\0,1\C,2.1554781473,0.2865250426,-1.087641 
 2741\N,0.7608895514,0.2468581964,-1.2569431491\C,0.1370455655,0.142805 
 6312,-0.1285469919\S,1.0717769464,0.0603537612,1.3773149285\C,2.614494 
 6534,0.151016418,0.3843888075\O,2.9433634364,0.4184260807,-2.000445150 
 5\C,3.5631509442,1.2777329633,0.7972476518\H,4.4126237243,1.2886236346 
 ,0.1081342314\H,3.940527843,1.1268027194,1.8118754788\H,3.067386483,2. 
 2514982769,0.7525850411\C,-1.3338590343,0.088377536,-0.0324464268\C,-4 
 .0405584073,-0.0352659537,0.2560712795\C,-2.128222856,0.1264854004,-1. 
 1841882541\C,-3.1607699297,-0.0653097693,1.3431224334\C,-3.5109969468, 
 0.0627724193,-1.0293982231\H,-1.6581958472,0.2038071719,-2.1574254572\ 
 H,-3.540957238,-0.1406251873,2.3592228336\H,-4.162067137,0.0893912875, 
 -1.8975925336\H,-5.1115667728,-0.0878153923,0.4216019107\H,3.123020701 
 8,-0.8148681183,0.477055709\N,-1.8356267876,-0.0062094085,1.2097094748 
 \\Version=ES64L-G09RevD.01\State=1-A\HF=-930.7248031\RMSD=3.756e-09\RM 
 SF=1.642e-05\Dipole=-1.6832476,-0.1296111,0.7592088\Quadrupole=11.3769 
 612,-3.1382543,-8.2387069,0.2600011,8.9690621,0.7530011\PG=C01 [X(C9H8 
 N2O1S1)]\\@ 
 
Electrophile 2 
 1\1\GINC-R228\FOpt\RB3LYP\6-31G(d,p)\C8H7N1O2\ROOT\08-Dec-2015\0\\# fr 
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 eq=noraman rb3lyp/6-31g** opt=maxcyc=200 scf=maxcyc=200 scrf=(smd,solv 
 ent=toluene)\\Nitro-olefin\\0,1\C,-1.2918462576,0.2423683973,0.0001013 
 845\C,-0.1927246612,-0.5281051296,-0.0004433292\N,1.1237692805,0.06778 
 88413,0.0004942712\O,1.2422449181,1.2976328932,0.0017773572\O,2.076183 
 0956,-0.7219065727,-0.0001516785\H,-0.1459416234,-1.6073583437,-0.0015 
 662802\H,-1.1285640753,1.3171325925,0.0012663455\C,-2.6785138305,-0.20 
 96379835,-0.0007085052\C,-3.6949747019,0.7642788139,0.0000757672\C,-3. 
 0475694702,-1.5700876464,-0.0022366964\C,-5.0374804338,0.3940614646,-0 
 .0006346018\H,-3.4216752009,1.8156329434,0.0012512356\C,-4.3878067081, 
 -1.9366763516,-0.0029424809\H,-2.2835799191,-2.3407096134,-0.002869839 
 7\C,-5.386927374,-0.9569120605,-0.0021452073\H,-5.8091603691,1.1576023 
 494,-0.0000122151\H,-4.6584773182,-2.9879737308,-0.0041181271\H,-6.432 
 6748107,-1.2489794834,-0.0027037997\\Version=ES64L-G09RevD.01\State=1- 
 A\HF=-514.1760499\RMSD=5.485e-09\RMSF=2.370e-05\Dipole=-2.5496758,-0.5 
 367424,-0.0011302\Quadrupole=-6.6220613,5.777527,0.8445344,-2.3985822, 
 -0.0040124,0.0046836\PG=C01 [X(C8H7N1O2)]\\@ 
 
TS1A-R,R 
 1\1\GINC-R2526\FTS\RB3LYP\6-31G(d,p)\C42H51F6N7O4S2\ROOT\09-Dec-2015\0 
 \\# freq=noraman rb3lyp/6-31g** opt=(ts,calcfc,noeigen,maxcyc=200) scf 
 =maxcyc=200 scrf=(smd,solvent=toluene) iop(1/8=1)\\TS for 1st C-C addi 
 tion conf. 1: R(elec),R(nuc) (tol opt; cat III)\\0,1\C,-1.2494256521,- 
 3.3217510012,1.5412784212\O,-1.8428046469,-4.3656027817,1.8276263161\C 
 ,-0.4497597284,-2.559354909,2.6260201828\H,0.2602087816,-3.3012465511, 
 3.0030594856\N,-1.2451761302,-2.7862125825,0.28985455\H,-0.7808328521, 
 -1.8954887562,0.1743628054\C,-1.8576129575,-3.3601722141,-0.917472701\ 
 H,-1.8278499219,-2.5357806327,-1.639196206\C,-1.0388791819,-4.51870663 
 23,-1.5987836517\C,0.4270887284,-4.0672780818,-1.73737922\H,0.90505582 
 77,-3.9265574591,-0.7649756148\H,0.5059624251,-3.1284151269,-2.2995787 
 67\H,1.0027685127,-4.8233342217,-2.2814790697\C,-1.0893396649,-5.84796 
 52111,-0.821879708\H,-0.6607399659,-5.755668468,0.1767218786\H,-0.5232 
 31928,-6.6112271309,-1.3679756012\H,-2.1121938814,-6.2231834928,-0.707 
 5903777\C,-1.6028345021,-4.7442357847,-3.0189780114\H,-2.6271332884,-5 
 .1329777883,-3.0139811842\H,-0.9905264953,-5.4817460953,-3.5476638974\ 
 H,-1.58864617,-3.8229103883,-3.6137670951\C,-3.3356732842,-3.704894339 
 ,-0.6492774884\H,-3.712009638,-4.4685146773,-1.3305665645\H,-3.4422252 
 642,-4.0690386299,0.3709633969\N,-4.2271605949,-2.5055327939,-0.812865 
 0749\C,-5.5429373154,-2.638086815,-0.078368513\H,-5.3825345194,-2.3733 
 92849,0.9675433067\H,-5.8572679963,-3.6833831058,-0.1440380173\C,-6.48 
 38171309,-1.7168153642,-0.8438946751\H,-7.5322605662,-1.9400666394,-0. 
 6338491797\H,-6.2844761741,-0.6767711186,-0.570893015\C,-4.5636787147, 
 -2.1539368045,-2.2613046213\H,-4.1991620575,-2.9499487617,-2.910442450 
 6\H,-4.0326332534,-1.2325820176,-2.4996800407\C,-6.0908788583,-1.98049 
 98185,-2.3063102216\H,-6.5659902056,-2.8989378935,-2.6659348678\H,-6.3 
 808054087,-1.1705739794,-2.9791623775\N,0.355853338,-1.4792963388,2.07 
 16994486\H,-0.0934681591,-0.5614948431,1.9574385303\C,-1.3503559441,-2 
 .097985181,3.8385825763\C,-1.6645688365,-3.3266129872,4.7163591637\H,- 
 2.3136754954,-3.0354634606,5.5504463822\H,-0.7472925285,-3.7501540105, 
 5.1411523283\H,-2.1625751477,-4.1100490194,4.1428874393\C,-0.573712967 
 1,-1.0787483301,4.6963719503\H,-1.1349220511,-0.8748932807,5.615190671 
 2\H,0.4098327327,-1.4626878847,4.9875683658\H,-0.4297618321,-0.1246994 
 225,4.1820154774\C,-2.6714933697,-1.4628475031,3.3618077972\H,-2.51466 
 1573,-0.6375496995,2.6615538247\H,-3.225530459,-1.0667376469,4.2204314 
 766\H,-3.3121451935,-2.2088172023,2.8792439051\C,1.6929735081,-1.56133 
 09879,1.8353043108\N,2.2268268077,-0.3588225478,1.447331538\H,1.628746 
 9459,0.4762828542,1.5451807061\C,3.5112711566,-0.0572026143,0.96667182 
 36\C,5.9927017002,0.7744437113,-0.0865689268\C,4.0027612568,1.23410303 
 1,1.2250618834\C,4.2722737321,-0.9268916298,0.1762284079\C,5.498010017 
 3,-0.5020733052,-0.3399626041\C,5.2274126513,1.6371374954,0.7016425452 
 \H,3.414015762,1.9196975698,1.8230915413\H,3.9072354731,-1.9224584426, 
 -0.0342573279\H,6.9427620745,1.0925781922,-0.4974455989\C,-2.876719734 
 7,0.7725079255,-0.7296040773\N,-1.6250849053,0.3985950223,-1.234024007 
 5\C,-1.1329174248,1.3261053536,-2.0113431405\S,-2.1280474027,2.7583278 
 343,-2.2627711835\C,-3.2399420224,2.1546194918,-1.0236388251\O,-3.6235 
 054464,-0.0191930259,-0.1010474722\H,-3.764430723,-1.6346671385,-0.418 
 089522\C,-4.6985294412,2.5164493832,-1.1077982451\H,-5.2088667029,2.21 
 57359513,-0.1892084646\H,-5.186176099,1.9939127496,-1.941758526\H,-4.8 
 53728159,3.5876853737,-1.2503322896\C,0.1664670238,1.2454598213,-2.697 
 1820778\C,2.5445635579,1.2218132697,-4.0443273747\C,1.0876826223,0.228 
 0506119,-2.4162892514\C,2.2995974688,0.2225963971,-3.1040007973\C,1.56 
 44456269,2.1967129969,-4.2518636983\H,0.8586920508,-0.5165441079,-1.66 
 3879087\H,3.0478925842,-0.5366240461,-2.9002194705\H,1.7240701047,2.99 
 51738219,-4.9732744165\H,3.4760470658,1.2560520986,-4.5994318758\C,-2. 
 5294928753,3.1141587213,0.8472111455\C,-1.124120071,3.1270503441,0.886 
 9131861\N,-0.4195127932,2.0467121519,1.3263483704\O,-1.0295281435,0.98 
 3573429,1.6635278118\O,0.8454863953,2.1233573491,1.4110303967\H,-0.508 
 4752287,3.9707213224,0.6163714551\H,-3.0058722822,2.3298805887,1.42725 
 10525\C,-3.2501971741,4.4047915483,0.8056479118\C,-4.4370828776,4.5504 
 138315,1.5456047124\C,-2.7831635948,5.5097256585,0.0692621475\C,-5.128 
A8-7 
 
 0036836,5.7612003981,1.5618536723\H,-4.8072117657,3.7097503149,2.12585 
 44666\C,-3.4801878098,6.7156873746,0.0787523428\H,-1.8756749689,5.4237 
 222575,-0.5195868372\C,-4.6539053112,6.8480186877,0.8257004523\H,-6.03 
 6795544,5.8547669059,2.1493452473\H,-3.1048998442,7.5562196481,-0.4977 
 862961\H,-5.1918718219,7.7913940977,0.8346089122\C,6.2338672307,-1.434 
 5456867,-1.2612432639\C,5.7720975297,3.0034018586,1.0196060122\F,5.597 
 1646813,-1.5460095147,-2.4611944401\F,6.3189001993,-2.6852967204,-0.76 
 13922435\F,7.4896759801,-1.0174832422,-1.5273128215\F,6.7265217715,2.9 
 538694761,1.9800900021\F,6.3508011139,3.5738079731,-0.0642401416\F,4.8 
 172723195,3.8504130839,1.4577153548\S,2.586894857,-2.9938714215,2.0216 
 885915\N,0.4031987412,2.2168281812,-3.5976451634\\Version=ES64L-G09Rev 
 D.01\State=1-A\HF=-3710.8419853\RMSD=2.761e-09\RMSF=2.005e-06\Dipole=- 
 6.6537827,-0.2097452,-3.366587\Quadrupole=17.2215166,-9.4653241,-7.756 
 1925,17.5997242,-2.5011595,16.9565079\PG=C01 [X(C42H51F6N7O4S2)]\\@ 
 
TS1A-S,S 
 1\1\GINC-R2536\FTS\RB3LYP\6-31G(d,p)\C42H51F6N7O4S2\ROOT\08-Dec-2015\0 
 \\# freq=noraman rb3lyp/6-31g** opt=(ts,calcfc,noeigen,maxcyc=200) scf 
 =maxcyc=200 scrf=(smd,solvent=toluene)\\TS for 1st C-C addition conf.  
 2: S(elec),S(nuc) (tol opt; cat III)\\0,1\C,1.0158485385,-3.7267428083 
 ,0.3060019318\O,1.6919049613,-4.7444672011,0.4974735651\C,-0.087709557 
 2,-3.7157431807,-0.7931549157\H,-0.7778829127,-4.5051658274,-0.4796912 
 529\N,1.144266676,-2.5895557909,1.0305560215\H,0.5802611237,-1.7901271 
 804,0.7593720044\C,1.88116759,-2.3739553205,2.2856050266\H,1.934191190 
 3,-1.2833461682,2.3691135934\C,1.0985704846,-2.8539980721,3.5681699687 
 \C,-0.3559862141,-2.3533319577,3.4727860153\H,-0.9087437239,-2.8514277 
 945,2.6729473564\H,-0.401056048,-1.2728681749,3.2925661048\H,-0.884025 
 6361,-2.5563869678,4.4104911061\C,1.0988316661,-4.3857352958,3.7278514 
 508\H,0.6636284677,-4.8879510321,2.8614466398\H,0.5135381746,-4.667466 
 6049,4.61051337\H,2.1089975959,-4.7859991239,3.870016884\C,1.738617494 
 8,-2.2096779384,4.8174243155\H,2.7448800289,-2.5871574923,5.0277049442 
 \H,1.1301433599,-2.4299911654,5.7005963717\H,1.7989062279,-1.119109451 
 2,4.7237250257\C,3.3289579307,-2.8860826674,2.2527207341\H,3.751193894 
 ,-2.7993536314,3.2537440353\H,3.3838708192,-3.923760604,1.9267960742\N 
 ,4.2275927282,-2.0693443254,1.3616521661\C,4.1909800991,-2.4235041906, 
 -0.1184753797\H,3.5676250685,-1.6716170548,-0.5999864055\H,3.735473156 
 7,-3.4074906326,-0.2192969817\C,5.6551447134,-2.3790317519,-0.60023585 
 68\H,6.0364617708,-3.3948033308,-0.7429054896\H,5.746208067,-1.8516043 
 098,-1.5523438812\C,5.6748553376,-2.1311313829,1.7795831825\H,5.908309 
 3068,-3.1687579417,2.0369742995\H,5.8110391804,-1.4987015443,2.6585710 
 228\C,6.4233116267,-1.6770513103,0.5336290935\H,7.4804051956,-1.950283 
 558,0.569923244\H,6.3537160195,-0.5894397871,0.433769629\N,-0.86802681 
 05,-2.4855827039,-0.7873886927\H,-0.4253067533,-1.6409368323,-1.144480 
 7355\C,0.400246091,-4.0776249473,-2.2457853644\C,0.9681811556,-5.50967 
 11706,-2.284626333\H,1.2431718029,-5.7680533907,-3.3140379016\H,0.2210 
 608523,-6.2373129148,-1.9490269691\H,1.844829869,-5.6216369471,-1.6468 
 345077\C,-0.8130105552,-4.0210795775,-3.1973208927\H,-0.5147278109,-4. 
 3607900948,-4.1952242069\H,-1.6241083035,-4.6699341044,-2.8519630672\H 
 ,-1.2140776345,-3.0088736344,-3.2993884849\C,1.4682169765,-3.084053593 
 1,-2.7386855655\H,1.1130449172,-2.0475417981,-2.7116333477\H,1.7366368 
 435,-3.3044352108,-3.7780895646\H,2.3830943587,-3.1496006497,-2.143650 
 1184\C,-2.1768439596,-2.370147984,-0.4119742043\N,-2.6101064814,-1.075 
 2918643,-0.5317388515\H,-1.8669355226,-0.409416706,-0.7801451727\C,-3. 
 8612449162,-0.4629895918,-0.3887406491\C,-6.267337465,1.0098727665,-0. 
 2117784311\C,-3.8763901475,0.9300696333,-0.6082720042\C,-5.0648560553, 
 -1.1074372187,-0.0759081033\C,-6.2458591158,-0.362835702,0.0058444885\ 
 C,-5.0614546344,1.6469348686,-0.5207434016\H,-2.9530038511,1.439275484 
 2,-0.8632700415\H,-5.0719197649,-2.1741077341,0.0976657568\H,-7.192105 
 1579,1.5691812357,-0.1506475955\C,3.5137247339,1.3120607096,0.71545074 
 86\N,3.4353428663,0.8601419801,-0.6042412254\C,3.4214319428,1.85641395 
 44,-1.4490677248\S,3.5225398269,3.4730183392,-0.7633226355\C,3.3542839 
 932,2.7520146591,0.8449665478\O,3.7098302728,0.5397343035,1.6901447015 
 \H,3.9496490436,-1.0383955386,1.4430540095\C,3.9253973281,3.4552311098 
 ,2.0434820277\H,3.6249286298,2.9306431336,2.9544919141\H,3.5970322241, 
 4.4940782489,2.1162480744\H,5.0229880012,3.4497909996,2.0128113058\C,3 
 .3518579301,1.7113473121,-2.911697518\C,3.2335848972,1.5786909953,-5.6 
 400166394\C,3.188463704,0.4585707505,-3.516951851\C,3.1291924925,0.398 
 0648797,-4.9067952571\C,3.3951073638,2.7804742037,-4.9443785616\H,3.10 
 22940419,-0.4305731663,-2.9051008988\H,2.9978145278,-0.5559111369,-5.4 
 083186836\H,3.480472593,3.7221685669,-5.4823219439\H,3.1895083823,1.57 
 62954582,-6.7240823519\C,1.1098952312,2.8023049541,1.1370603145\C,0.46 
 68257665,2.3323430245,-0.0225953194\N,0.2137412708,1.0044988827,-0.191 
 8649519\O,0.5792872568,0.161651533,0.6735014765\O,-0.4250486311,0.6232 
 322782,-1.2393300793\H,0.0888847191,2.9566785211,-0.8167322718\H,1.200 
 2137909,2.0793048308,1.94125414\C,0.930165457,4.2052586432,1.554847777 
 9\C,0.8842622772,4.5067868656,2.928511635\C,0.7690736788,5.2591247298, 
 0.6348467222\C,0.673961038,5.8120604308,3.3696767097\H,0.9985497954,3. 
 7042826597,3.6516924533\C,0.5677373189,6.5637831889,1.0777399269\H,0.8 
 094224362,5.0592091585,-0.4303484037\C,0.5167398418,6.846127392,2.4455 
A8-8 
 
 062158\H,0.6314944063,6.0205816898,4.4347092484\H,0.4467676066,7.36307 
 07278,0.3524627115\H,0.3538433451,7.8642772911,2.7864519847\C,-7.51481 
 15181,-1.1026915143,0.3377486562\C,-5.0508980167,3.1396914384,-0.70595 
 21086\F,-7.7779092498,-2.0736882391,-0.5676376078\F,-7.4374606391,-1.7 
 118700056,1.5436233014\F,-8.5930503938,-0.2884046249,0.3719672142\F,-5 
 .0616597656,3.7925309952,0.4816767995\F,-3.9593678233,3.5680172099,-1. 
 3774490829\F,-6.1378802626,3.5673785053,-1.3888464933\S,-3.0940101015, 
 -3.6822484954,0.1404994963\N,3.4535620403,2.8536921205,-3.6145975558\\ 
 Version=ES64L-G09RevD.01\State=1-A\HF=-3710.8440986\RMSD=2.040e-09\RMS 
 F=5.596e-07\Dipole=6.5299047,0.8539562,-0.1043642\Quadrupole=-9.041444 
 6,-15.4603478,24.5017925,-26.1317886,3.2768767,3.9374612\PG=C01 [X(C42 
 H51F6N7O4S2)]\\@ 
 
TS1B-R,R 
 1\1\GINC-R3133\FTS\RB3LYP\6-31G(d,p)\C42H51F6N7O4S2\ROOT\14-Dec-2015\0 
 \\# freq=noraman rb3lyp/6-31g** opt=(ts,calcfc,noeigen,maxcyc=200) scf 
 =maxcyc=200 scrf=(smd,solvent=toluene) iop(1/8=1)\\TS for 1st C-C addi 
 tion conf. 2: R(elec),R(nuc) (tol opt; cat III)\\0,1\C,-1.0268779147,- 
 3.5958345421,-0.4230891725\O,-1.5544048367,-4.6817388658,-0.6873851355 
 \C,-0.0501149664,-3.5001277816,0.7764911213\H,0.6387244583,-4.33796733 
 66,0.6446746296\N,-1.2641244437,-2.454034009,-1.1227133582\H,-0.776437 
 5178,-1.6067730031,-0.8472267112\C,-2.1454375587,-2.2998791434,-2.2919 
 175902\H,-2.3003350157,-1.2178572758,-2.3570236978\C,-1.4976923284,-2. 
 7057555627,-3.667340745\C,-0.0712856307,-2.1272417023,-3.7330153773\H, 
 0.6022452581,-2.6270292745,-3.0332904283\H,-0.0566002703,-1.0549405656 
 ,-3.5066449305\H,0.3409480954,-2.2611349594,-4.7386353711\C,-1.4373222 
 935,-4.2303352898,-3.8786680242\H,-0.8789687049,-4.7290670509,-3.08458 
 2344\H,-0.9475596136,-4.4515425459,-4.8337026474\H,-2.4344310886,-4.68 
 37286353,-3.9158049313\C,-2.324736349,-2.0645053265,-4.802055738\H,-3. 
 3537353899,-2.4380160234,-4.8466466858\H,-1.8661110238,-2.2893435135,- 
 5.7703705347\H,-2.3651146068,-0.9729718972,-4.7046304428\C,-3.51345765 
 55,-2.9646355472,-2.040904375\H,-4.0371865055,-3.1700488965,-2.9742300 
 338\H,-3.3622626565,-3.9026915215,-1.5103477409\N,-4.4377777525,-2.109 
 9956277,-1.2103532352\C,-5.4320915211,-2.900236137,-0.400841285\H,-4.9 
 051906024,-3.411007976,0.4063237222\H,-5.8674958245,-3.6466183802,-1.0 
 716883353\C,-6.4531336816,-1.8574302725,0.0585970593\H,-7.4395191895,- 
 2.3082838061,0.1852492368\H,-6.1407937884,-1.4301895074,1.0127491339\C 
 ,-5.2899949962,-1.1419237577,-1.9951053348\H,-5.6587510401,-1.67887096 
 98,-2.8723077857\H,-4.6690530187,-0.3066054827,-2.3175029192\C,-6.4317 
 320156,-0.7545240228,-1.0383508111\H,-7.3739813091,-0.6971896879,-1.58 
 79445336\H,-6.2522507934,0.2238639111,-0.5887229946\N,0.7664280183,-2. 
 2972464947,0.7244383706\H,0.3344015602,-1.4121008421,0.986251783\C,-0. 
 7637120427,-3.6852918423,2.1682328201\C,-1.2811727611,-5.1308998083,2. 
 302548465\H,-1.7610433183,-5.2618782356,3.2794718092\H,-0.4607443986,- 
 5.8538586909,2.2343493817\H,-2.0039724888,-5.3785267136,1.5239266272\C 
 ,0.2717950286,-3.4455984713,3.2845614298\H,-0.1851494403,-3.6381373567 
 ,4.2617666033\H,1.1314448976,-4.1159000098,3.1805780092\H,0.6543505862 
 ,-2.4213509478,3.2867909497\C,-1.9436238993,-2.7074043154,2.3276041389 
 \H,-1.6652365836,-1.6640113044,2.1554035467\H,-2.3597651447,-2.7776752 
 082,3.3386780898\H,-2.753445894,-2.9441881172,1.6302223111\C,2.0525229 
 421,-2.2417135832,0.2724895044\N,2.4137696423,-0.9500332776,-0.0195611 
 447\H,1.6108238866,-0.3395672393,-0.2303810639\C,3.6550474468,-0.40259 
 66911,-0.3629220536\C,6.0442659412,0.9331323781,-1.0394814964\C,3.6297 
 102861,0.7549935673,-1.1574827925\C,4.8889352131,-0.8889351707,0.09277 
 35392\C,6.0626706436,-0.2192841797,-0.2539909841\C,4.8116260095,1.4159 
 842794,-1.4795416842\H,2.6764871577,1.1346306782,-1.5093864208\H,4.927 
 9512469,-1.7709171654,0.7153517315\H,6.9628845072,1.4504885612,-1.2863 
 01911\C,-0.233318,1.2706287743,0.2570880369\N,-0.3745320886,0.80305303 
 53,1.568180898\C,-0.5424366178,1.7877194325,2.4112139065\S,-0.54514980 
 56,3.4098239739,1.7319620933\C,-0.491033217,2.6933514321,0.1163560769\ 
 O,0.0984897971,0.5084669816,-0.6889005446\H,-3.8650631699,-1.502781157 
 5,-0.5566791805\C,0.1365346888,3.4520498057,-1.0190392383\H,-0.0576703 
 828,2.9318682403,-1.9610127206\H,1.225787303,3.5100941973,-0.899507471 
 5\H,-0.2446245144,4.4720055149,-1.1019730478\C,-0.6877303226,1.6396324 
 353,3.867742865\C,-0.9422987996,1.5087591521,6.587166069\C,-0.65811607 
 91,0.3833184947,4.4855636584\C,-0.7868529211,0.3236543437,5.8706751625 
 \C,-0.9583646048,2.7147214738,5.8798444273\H,-0.5383562575,-0.50997825 
 89,3.8871303326\H,-0.766288361,-0.6346866994,6.3805291538\H,-1.0741930 
 365,3.6604879708,6.4049981647\H,-1.0470962448,1.5069102992,7.667082192 
 4\C,-2.6831189544,2.5453816384,-0.418516486\C,-3.420343274,1.992904818 
 2,0.6415897705\N,-3.5899934534,0.6422670075,0.7687948414\O,-2.99607406 
 35,-0.1446448323,-0.0570344635\O,-4.3412508298,0.1785158664,1.66185442 
 05\H,-3.9528979789,2.5653631706,1.3852836669\H,-2.4231194814,1.8554607 
 836,-1.2146816203\C,-2.9417484917,3.9375780853,-0.8365372228\C,-2.8516 
 375777,4.2689705493,-2.2010437664\C,-3.3089763165,4.9495690665,0.07119 
 88035\C,-3.1295141813,5.5600635518,-2.6468766445\H,-2.5701728134,3.500 
 9239671,-2.9159093445\C,-3.5780376349,6.2410444912,-0.3749577572\H,-3. 
 3736060112,4.7285001506,1.1310284197\C,-3.4927840914,6.5520733112,-1.7 
 348234534\H,-3.0605614184,5.7909835502,-3.7059093706\H,-3.8561737414,7 
A8-9 
 
 .0083763035,0.3416516395\H,-3.7066060747,7.5596057056,-2.0790651567\C, 
 7.3842487947,-0.7846445212,0.1943434067\C,4.759651238,2.6283696698,-2. 
 3677397888\F,7.2892320863,-1.4230648133,1.3814744624\F,7.8736623094,-1 
 .6823356927,-0.6936744338\F,8.3255297942,0.1784246665,0.3303621142\F,4 
 .8525051812,2.2985491759,-3.6786883034\F,3.6010880724,3.3162947561,-2. 
 2253694373\F,5.769626383,3.4889251829,-2.1113743603\S,3.0370559422,-3. 
 6016942212,0.0595603102\N,-0.8331697299,2.7873673588,4.5548847073\\Ver 
 sion=ES64L-G09RevD.01\State=1-A\HF=-3710.8371502\RMSD=5.153e-09\RMSF=2 
 .423e-06\Dipole=-7.0887648,1.0666892,-0.4357827\Quadrupole=-3.4679904, 
 -19.1018329,22.5698233,20.8968404,19.795618,1.6488922\PG=C01 [X(C42H51 
 F6N7O4S2)]\\@ 
 
TS1B-S,S 
 1\1\GINC-R2649\FTS\RB3LYP\6-31G(d,p)\C42H51F6N7O4S2\ROOT\09-Dec-2015\0 
 \\# freq=noraman rb3lyp/6-31g** opt=(ts,calcfc,noeigen,maxcyc=200) scf 
 =maxcyc=200 scrf=(smd,solvent=toluene)\\TS for 1st C-C addition conf.  
 1: S(elec),S(nuc) (tol opt; cat III)\\0,1\C,0.870988939,-3.1308271147, 
 -1.9638942971\O,1.5060553727,-4.0579824836,-2.4742611134\C,-0.11268449 
 69,-2.2884894137,-2.8141336201\H,-0.8575332408,-3.0076475245,-3.168435 
 2361\N,0.9685370738,-2.7937712606,-0.6502250747\H,0.4039754789,-2.0142 
 659844,-0.3433791896\C,1.7489386406,-3.4880891003,0.3843327377\H,1.773 
 2521619,-2.7772004739,1.2186612001\C,1.0516306974,-4.7723361692,0.9703 
 470707\C,-0.3972097314,-4.4109587457,1.3497378509\H,-0.9980853208,-4.1 
 518585564,0.4749605207\H,-0.4325722578,-3.5661818823,2.0494039652\H,-0 
 .8800095878,-5.2619519928,1.8412115166\C,1.0369528256,-5.9582329853,-0 
 .0123650007\H,0.4881153082,-5.7257707663,-0.9258458456\H,0.556864438,- 
 6.8209408988,0.4634297181\H,2.046107685,-6.2678392044,-0.3042895172\C, 
 1.7883771185,-5.1948895591,2.259039696\H,2.8133480514,-5.5347590763,2. 
 0737066854\H,1.261131947,-6.0321053844,2.7279066385\H,1.8240352948,-4. 
 3818921333,2.9938664213\C,3.2032209281,-3.7050257137,-0.0894383178\H,3 
 .6330106595,-4.6215319439,0.3162863438\H,3.2275852443,-3.7741668687,-1 
 .1748322311\N,4.1189182019,-2.5857665212,0.3290695157\C,5.3964428045,- 
 2.5533385816,-0.4902586478\H,5.2194856784,-1.9353588233,-1.3717734099\ 
 H,5.6122063257,-3.5772980507,-0.8061682646\C,6.4576007396,-2.029799938 
 5,0.47117995\H,7.4648802319,-2.2910842864,0.1379974495\H,6.3821612944, 
 -0.9433616426,0.5602135428\C,4.5322167296,-2.6311127974,1.801591314\H, 
 4.056921206,-3.4903482415,2.2723721937\H,4.1749781737,-1.7050226016,2. 
 2481757454\C,6.0646620261,-2.6985352144,1.7968237518\H,6.4046816522,-3 
 .7400266885,1.8147075126\H,6.4841201755,-2.1927260082,2.6694175117\N,- 
 0.8346693794,-1.3125426033,-2.0126853853\H,-0.3847433036,-0.4091869315 
 ,-1.8325380984\C,0.5622785717,-1.6289005311,-4.0772222758\C,0.89709614 
 35,-2.720477347,-5.1133923583\H,1.3617521412,-2.2641150228,-5.99524905 
 17\H,-0.0106555575,-3.2366386322,-5.446738518\H,1.5768455607,-3.469040 
 0634,-4.7055664891\C,-0.4335908945,-0.6449243208,-4.7247360399\H,-0.02 
 49664855,-0.2863768518,-5.6760334373\H,-1.3941437369,-1.1263692548,-4. 
 9373099337\H,-0.624953455,0.2309223259,-4.0983640461\C,1.8469022868,-0 
 .8716145794,-3.6911633381\H,1.6687654155,-0.1246107306,-2.9109989116\H 
 ,2.2510543148,-0.3468668341,-4.5641375189\H,2.6225944651,-1.555500048, 
 -3.3322677237\C,-2.1316115364,-1.4246888583,-1.6110196576\N,-2.5496668 
 177,-0.2932389833,-0.9587489604\H,-1.8238880459,0.4232626958,-0.855155 
 9244\C,-3.7662625394,0.0050771131,-0.3243040026\C,-6.1162289337,0.7927 
 326782,1.0125155205\C,-3.7019294376,0.8317444556,0.8067964454\C,-5.018 
 8517277,-0.417175689,-0.7931335613\C,-6.1731187493,-0.0276816879,-0.11 
 49468469\C,-4.8686259927,1.2213439664,1.4623241577\H,-2.7334742543,1.1 
 447786821,1.1834752743\H,-5.0824644567,-1.0480098566,-1.6675941216\H,- 
 7.0213763819,1.0811627275,1.5329507064\C,0.2766900213,1.8900942027,-0. 
 2441647281\N,0.3426903813,1.2006512512,0.9703896913\C,0.7533395975,1.9 
 784636959,1.9335904445\S,1.1057759718,3.6520044781,1.5076269733\C,0.84 
 45884176,3.2289676686,-0.191223101\O,-0.2231662365,1.3864296945,-1.280 
 0895161\H,3.6416997041,-1.6554221333,0.1620460893\C,0.344175537,4.2800 
 44108,-1.1434185684\H,0.3285185315,3.8798378548,-2.1597791171\H,0.9629 
 473132,5.1798872203,-1.1346860836\H,-0.6829129223,4.5729373475,-0.8906 
 403317\C,0.895880758,1.5449397039,3.3317457798\C,1.1610472024,0.849485 
 5255,5.9598126641\C,0.5930508687,0.2303836673,3.711434969\C,0.72995823 
 15,-0.1172125516,5.0522145426\C,1.4368786531,2.134135704,5.4825711931\ 
 H,0.2521604204,-0.4763756526,2.9640391563\H,0.4998733434,-1.1250213763 
 ,5.3848124068\H,1.7716851195,2.9148009385,6.1622179763\H,1.279277359,0 
 .6215267588,7.0139883093\C,2.8724385484,2.6236745992,-0.9188022706\C,3 
 .6220131293,2.0965981128,0.1490024554\N,3.6729656806,0.7687735099,0.44 
 38439522\O,3.0177088704,-0.0911139929,-0.250675924\O,4.4177410473,0.38 
 1755755,1.3919390625\H,4.2494969011,2.6909735548,0.7946132476\H,2.4565 
 24185,1.8934624711,-1.6052129631\C,3.3072108391,3.8913932417,-1.542952 
 9607\C,3.157855775,4.0520694049,-2.9320757249\C,3.8850718747,4.9441878 
 408,-0.8085313032\C,3.5838077132,5.2162097995,-3.5698592791\H,2.713608 
 1223,3.2490196601,-3.5136036005\C,4.3029335148,6.1098337967,-1.4461376 
 029\H,3.9982539917,4.8568912653,0.2673886314\C,4.1573260336,6.25064386 
 91,-2.8292340263\H,3.4661652669,5.3144747835,-4.6451380543\H,4.7439789 
 127,6.9120148998,-0.8615064949\H,4.4868629825,7.1598931811,-3.32322191 
 17\C,-7.5217377013,-0.4304792079,-0.6499347249\C,-4.779136293,2.150236 
A8-10 
 
 7042,2.6424816817\F,-7.4617037506,-1.5346500338,-1.4217439927\F,-8.069 
 3746519,0.5513786122,-1.4086013285\F,-8.4024907759,-0.6798705635,0.347 
 1857564\F,-3.6304404704,1.9820357488,3.3359427274\F,-4.8160799961,3.45 
 02831257,2.2618232882\F,-5.8020898038,1.969648852,3.5078561891\S,-3.07 
 25411061,-2.8131371949,-1.8566030575\N,1.3093362058,2.4822729131,4.201 
 6764882\\Version=ES64L-G09RevD.01\State=1-A\HF=-3710.838464\RMSD=2.589 
 e-09\RMSF=2.336e-06\Dipole=6.1762029,-0.8244549,2.0622529\Quadrupole=- 
 9.501287,1.4342856,8.0670014,-22.3064793,-0.9742518,-27.6542337\PG=C01 
  [X(C42H51F6N7O4S2)]\\@ 
 
int1A-R,R 
 1\1\GINC-R2851\FOpt\RB3LYP\6-31G(d,p)\C42H51F6N7O4S2\ROOT\09-Dec-2015\ 
 0\\# freq=noraman rb3lyp/6-31g** opt=maxcyc=200 scf=maxcyc=200 scrf=(s 
 md,solvent=toluene)\\Intm 1 after conj. addition conf. 1: R(elec),R(nu 
 c) (tol opt; cat III)\\0,1\C,-2.0621530958,-3.0715646977,1.6208730863\ 
 O,-2.9578835744,-3.8802330245,1.879925032\C,-1.1865747128,-2.462245921 
 3,2.7458989095\H,-0.6354107166,-3.315952282,3.1542315496\N,-1.76204462 
 23,-2.6731369714,0.3524871156\H,-1.0074346945,-2.0061870702,0.26954421 
 84\C,-2.3302232102,-3.1827379823,-0.9032542177\H,-2.0017715416,-2.4553 
 17672,-1.6539111422\C,-1.7471817151,-4.561511805,-1.3908953468\C,-0.21 
 0583612,-4.5005066592,-1.311325126\H,0.1454123931,-4.3939176925,-0.283 
 7577759\H,0.1896784326,-3.6654411366,-1.8999492096\H,0.2224116764,-5.4 
 208896982,-1.7167690334\C,-2.251094213,-5.7603191836,-0.5652587272\H,- 
 1.9689108028,-5.6813973555,0.4854824372\H,-1.8226222545,-6.6859945658, 
 -0.9655612976\H,-3.3410094569,-5.8635751671,-0.6068796707\C,-2.1398064 
 719,-4.7644623056,-2.8706426502\H,-3.2185971494,-4.8914246095,-3.01414 
 34923\H,-1.6633091363,-5.6704825092,-3.2584492372\H,-1.8089320048,-3.9 
 282234438,-3.4985396187\C,-3.8687039975,-3.1456422987,-0.8409814636\H, 
 -4.327437378,-3.8566272749,-1.5282322273\H,-4.1892297417,-3.3818123943 
 ,0.1718021191\N,-4.4296111159,-1.7926733079,-1.2004671638\C,-5.8485188 
 363,-1.5711018156,-0.6747973546\H,-5.7638094642,-0.9415780941,0.211579 
 7885\H,-6.2560876399,-2.5382001015,-0.3803567173\C,-6.6332210664,-0.91 
 30437883,-1.8236110145\H,-7.2803487899,-1.652104063,-2.3054161041\H,-7 
 .2679052324,-0.1019463971,-1.4610075495\C,-4.4698905768,-1.4902513525, 
 -2.6846803401\H,-4.748898769,-2.4121951124,-3.2011737858\H,-3.47801223 
 91,-1.1742989362,-3.0084064065\C,-5.5547113751,-0.4258817806,-2.805919 
 6475\H,-5.9193586158,-0.3392834885,-3.8319371568\H,-5.1603704707,0.545 
 2301125,-2.4960473072\N,-0.1897690119,-1.5437666345,2.2198233127\H,-0. 
 5085522723,-0.5883967264,1.9763813859\C,-2.0246394963,-1.8219234984,3. 
 9201282408\C,-2.6651892999,-2.9439839832,4.7622924207\H,-3.2417030469, 
 -2.5077405959,5.586447816\H,-1.8980784408,-3.5918705902,5.2024516552\H 
 ,-3.3293630018,-3.567709342,4.1625930641\C,-1.0716686125,-1.0198287217 
 ,4.8300560928\H,-1.6169108039,-0.6726004043,5.71504026\H,-0.2365103223 
 ,-1.6379855735,5.1774632742\H,-0.6551383493,-0.1404432063,4.3310984354 
 \C,-3.1251852852,-0.8858812028,3.3833351142\H,-2.716247683,-0.10134159 
 11,2.7385977158\H,-3.6418002012,-0.3979280734,4.2178442179\H,-3.877637 
 7591,-1.4456556947,2.8170350391\C,1.1379948189,-1.8095681978,2.0952466 
 605\N,1.8413763231,-0.6815839179,1.7543612749\H,1.3445336288,0.2183721 
 143,1.9346681676\C,3.1397686963,-0.5132612549,1.2667347385\C,5.6866818 
 46,0.0838605877,0.1895665449\C,3.6512509495,0.7998359895,1.3036760124\ 
 C,3.9201186035,-1.5214304712,0.6817826618\C,5.1725599634,-1.2093718219 
 ,0.1484877168\C,4.9066044095,1.0827569979,0.7777585452\H,3.0483146417, 
 1.589380008,1.7403935055\H,3.5520096753,-2.5373096979,0.653329173\H,6. 
 6646988477,0.3081829841,-0.2162265633\C,-2.2675926586,1.1982118662,-0. 
 9857913386\N,-1.2475953938,0.4930011785,-1.6294640774\C,-0.3642963563, 
 1.2859210186,-2.1603192753\S,-0.5964630452,3.0307113468,-1.9889726689\ 
 C,-2.1350949619,2.7444846082,-1.0099533012\O,-3.308930047,0.6702816116 
 ,-0.6003399492\H,-3.8356213459,-1.0362715457,-0.7903097326\C,-3.355842 
 7296,3.2881678086,-1.7763765476\H,-4.2623279249,3.0903202923,-1.197534 
 3729\H,-3.4530211014,2.8000005824,-2.7503707789\H,-3.2763768779,4.3635 
 655574,-1.9393519241\C,0.8213684631,0.7884790807,-2.8701492956\C,3.064 
 6504146,-0.0434086408,-4.1905300747\C,1.4322638578,1.5301835387,-3.895 
 1634216\C,1.3942835737,-0.4446179402,-2.5228069659\C,2.5408927679,-0.8 
 614663694,-3.1867747727\H,1.0075017017,2.4813327364,-4.210526983\H,0.9 
 612403188,-1.0336104907,-1.7222136352\H,3.042130945,-1.7841626404,-2.9 
 16207948\H,3.9653386174,-0.3394117564,-4.7238731649\C,-2.0603806566,3. 
 3548090783,0.4663773807\C,-0.7800306221,3.1365600514,1.2120371926\N,-0 
 .4117122003,1.93351992,1.5927474015\O,-1.115283137,0.8998201773,1.2154 
 946235\O,0.6282776783,1.7320780103,2.3369694557\H,-0.1448375946,3.9487 
 138774,1.5308126542\H,-2.8594222891,2.7960461228,0.9737821088\C,-2.420 
 1414634,4.8359925837,0.5016780192\C,-3.6486928347,5.248378691,1.033356 
 7409\C,-1.5371113909,5.817397026,0.0248451566\C,-3.9920886878,6.600691 
 2401,1.0838008161\H,-4.3386042906,4.502933312,1.4205990285\C,-1.879074 
 1464,7.1692192827,0.0704337271\H,-0.5693366117,5.5278396255,-0.3754843 
 866\C,-3.1086931256,7.565961626,0.5998089183\H,-4.9476399705,6.8981823 
 327,1.5064340071\H,-1.1803936291,7.9129310828,-0.3019467696\H,-3.37234 
 75704,8.6188163513,0.6394170754\C,5.9319818899,-2.3051673111,-0.546975 
 4412\C,5.4060231238,2.5021788231,0.7789846789\F,5.3618309285,-2.620233 
 8307,-1.7446370749\F,5.9561365209,-3.44858107,0.1706406131\F,7.2123130 
A8-11 
 
 462,-1.9651679861,-0.808299761\F,5.0656926912,3.1560404923,-0.36021186 
 28\F,4.9022501518,3.2227971812,1.80397118\F,6.7549652544,2.5627195081, 
 0.8676059438\S,1.8072722905,-3.3525831511,2.3513130808\N,2.5211634024, 
 1.1270904743,-4.5522642332\\Version=ES64L-G09RevD.01\State=1-A\HF=-371 
 0.8541121\RMSD=4.023e-09\RMSF=3.522e-06\Dipole=-7.5574469,0.2726446,-4 
 .6588921\Quadrupole=23.1053737,-8.6592515,-14.4461222,7.0969168,15.197 
 5033,19.669009\PG=C01 [X(C42H51F6N7O4S2)]\\@ 
 
int1A-S,S 
 1\1\GINC-R3044\FOpt\RB3LYP\6-31G(d,p)\C42H51F6N7O4S2\ROOT\09-Dec-2015\ 
 0\\# freq=noraman rb3lyp/6-31g** opt=maxcyc=200 scf=maxcyc=200 scrf=(s 
 md,solvent=toluene)\\Intm 1 after conj. addition conf. 2: S(elec),S(nu 
 c) (tol opt; cat III)\\0,1\C,0.6496699057,-3.7208848616,-0.049112754\O 
 ,1.2504327357,-4.7961857474,0.0921116979\C,-0.3358053849,-3.5331160611 
 ,-1.2370775926\H,-1.0617692344,-4.3429570377,-1.11158297\N,0.789054672 
 3,-2.6731317852,0.7986482783\H,0.2748097617,-1.8051270962,0.615824133\ 
 C,1.3911028312,-2.6725668421,2.1398201298\H,1.5124621605,-1.606490371, 
 2.3589808905\C,0.4345515925,-3.2226648974,3.2714676727\C,-0.9761333205 
 ,-2.6419460161,3.0526489197\H,-1.4541357156,-3.0561077177,2.1620905574 
 \H,-0.9562030454,-1.5521492588,2.9462834819\H,-1.6133192747,-2.8863237 
 31,3.9091725705\C,0.3502894254,-4.7612614775,3.2860099451\H,0.03989247 
 89,-5.1617295448,2.3187047686\H,-0.3805565206,-5.084362963,4.035805820 
 4\H,1.3068263346,-5.2275987922,3.5489358327\C,0.9432633356,-2.72587001 
 81,4.6428405367\H,1.915029343,-3.1480442768,4.9212937968\H,0.238597611 
 7,-3.0200228078,5.4276251953\H,1.0272931004,-1.633212429,4.669581013\C 
 ,2.7834525448,-3.3157275977,2.2109995805\H,3.1076755114,-3.3260718947, 
 3.2513627609\H,2.7820183236,-4.3310397371,1.8193754726\N,3.8483225238, 
 -2.5435585245,1.4645170518\C,3.9749771888,-2.8593504863,-0.0275348268\ 
 H,3.6440825404,-1.971022516,-0.5647208121\H,3.3123570966,-3.6919280362 
 ,-0.2559445696\C,5.4622020263,-3.1634639986,-0.2618249977\H,5.64160233 
 85,-4.2427084154,-0.2176732593\H,5.7913372198,-2.8133341607,-1.2427560 
 266\C,5.2277421462,-2.7260814436,2.0652769374\H,5.3022111592,-3.760257 
 2022,2.4116241651\H,5.3259378023,-2.0514281064,2.9174099069\C,6.174737 
 6462,-2.4599124833,0.9027831891\H,7.1759346785,-2.8503367829,1.0990486 
 916\H,6.2521747695,-1.3835943809,0.7160577436\N,-1.0854144658,-2.29504 
 1058,-1.1381933246\H,-0.5858063596,-1.4065509412,-1.2779925868\C,0.306 
 9947281,-3.6971694069,-2.6679173219\C,0.8377790962,-5.1304117372,-2.86 
 23252833\H,1.2563856464,-5.2346820963,-3.870423711\H,0.0309434608,-5.8 
 650900851,-2.7619274408\H,1.6071105493,-5.3868838019,-2.1335889489\C,- 
 0.7878910498,-3.4489026272,-3.725755283\H,-0.3894486682,-3.6615420446, 
 -4.7242122438\H,-1.6542686097,-4.0981152155,-3.565504614\H,-1.13838041 
 97,-2.4134008095,-3.7218737089\C,1.4480987269,-2.685906816,-2.88808281 
 72\H,1.1351268332,-1.6533712094,-2.6946462988\H,1.7949276962,-2.730053 
 1256,-3.9267027671\H,2.3084261052,-2.9059319038,-2.2497592659\C,-2.418 
 2712013,-2.1777897038,-0.8901072717\N,-2.786037878,-0.855841941,-0.861 
 6043828\H,-1.98242304,-0.214323935,-0.9629290557\C,-4.0145048783,-0.20 
 33354949,-0.7548635275\C,-6.3681882335,1.3593398098,-0.6110030712\C,-3 
 .9697044385,1.1962274973,-0.9325244549\C,-5.2526201057,-0.8063446371,- 
 0.4937162093\C,-6.40615675,-0.0184634567,-0.4289406873\C,-5.1285726601 
 ,1.9563511878,-0.8629110462\H,-3.0181447424,1.6747267957,-1.1395309937 
 \H,-5.3049227745,-1.8767801451,-0.3516834126\H,-7.2722680661,1.9529754 
 846,-0.566133604\C,3.508273875,1.0940771586,1.0431114765\N,4.263612861 
 1,0.9562009781,-0.1090500583\C,4.3946851621,2.0975110103,-0.7323981095 
 \S,3.6393676773,3.528222299,-0.0621192705\C,2.9512487025,2.5042983797, 
 1.323851441\O,3.303624774,0.1706675796,1.8298651226\H,3.6307293074,-1. 
 5250895382,1.5449683622\C,3.4967015482,2.9963784586,2.6737496282\H,3.1 
 401850485,2.330898761,3.4654819157\H,3.1551523278,4.0097219861,2.89045 
 63562\H,4.5905548082,2.9896790523,2.6840255909\C,5.1601923022,2.237206 
 6407,-1.9828121387\C,6.5403090886,2.627026213,-4.2997473055\C,5.761438 
 2906,1.1313322184,-2.5935291752\C,6.4652468189,1.3377314665,-3.7782895 
 597\C,5.9043782521,3.6679979816,-3.6126807536\H,5.6673995547,0.1502556 
 277,-2.1448894144\H,6.9443065518,0.5060348234,-4.2850809596\H,5.942877 
 7155,4.6859990386,-3.992520852\H,7.0775165858,2.831224807,-5.220008577 
 5\C,1.374612973,2.4296476749,1.2940022879\C,0.8470504726,1.9379976423, 
 -0.0222170782\N,0.1797544374,0.8022704845,-0.1153827224\O,-0.027303266 
 7,0.0244020119,0.892468623\O,-0.3106278532,0.4482813696,-1.283682995\H 
 ,0.8960445425,2.5143746406,-0.933805995\H,1.133512701,1.6511543246,2.0 
 235030052\C,0.7101113111,3.7253307576,1.757421029\C,0.1822813408,3.805 
 6762698,3.0540322541\C,0.5960637696,4.8480972906,0.923057018\C,-0.4301 
 909924,4.9736268148,3.5110235781\H,0.2437159906,2.9402357904,3.7083783 
 605\C,-0.0111864277,6.0184586804,1.3791025809\H,0.9695524775,4.8098018 
 268,-0.0955127662\C,-0.5250910057,6.0866403259,2.6753434718\H,-0.83756 
 27898,5.0098576215,4.5174153726\H,-0.0909872571,6.8749244901,0.7157390 
 416\H,-1.0029256279,6.9963856473,3.0270015153\C,-7.711027503,-0.714482 
 449,-0.1489262394\C,-5.0588823953,3.451333654,-1.0097321325\F,-7.98587 
 94496,-1.6592157288,-1.0784256501\F,-7.6942778906,-1.3475359404,1.0478 
 887438\F,-8.7594590865,0.1395068043,-0.130127902\F,-5.1036122226,4.078 
 3319087,0.1914201775\F,-3.9258264701,3.8593264491,-1.6215075432\F,-6.1 
 00082668,3.9328767027,-1.7299471305\S,-3.4456927738,-3.5103334044,-0.6 
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 623517505\N,5.2284816009,3.4838733133,-2.480165471\\Version=ES64L-G09R 
 evD.01\State=1-A\HF=-3710.8636039\RMSD=5.242e-09\RMSF=8.243e-06\Dipole 
 =10.2658765,0.7845393,0.7609327\Quadrupole=10.7150398,-23.3844671,12.6 
 694274,-23.4973925,-14.8085621,-11.2147161\PG=C01 [X(C42H51F6N7O4S2)]\ 
 \@ 
 
int1B-R,R 
 1\1\GINC-R2844\FOpt\RB3LYP\6-31G(d,p)\C42H51F6N7O4S2\ROOT\09-Dec-2015\ 
 0\\# freq=noraman rb3lyp/6-31g** opt=maxcyc=200 scf=maxcyc=200 scrf=(s 
 md,solvent=toluene)\\Intm 1 after conj. addition conf. 2: R(elec),R(nu 
 c) (tol opt; cat III)\\0,1\C,-0.8482079714,-3.4573941896,1.5117919293\ 
 O,-1.2943895085,-4.5078746734,1.9788488913\C,0.0656606131,-2.558769061 
 3,2.3877130158\H,0.7931964921,-3.2616742064,2.8010172564\N,-1.09136494 
 53,-3.0383325514,0.2432749805\H,-0.7266842964,-2.1356442285,-0.0232851 
 949\C,-1.8592977039,-3.7484101155,-0.7943541149\H,-1.9942655573,-2.989 
 8861666,-1.5712469197\C,-1.0892498804,-4.9207970268,-1.5062518109\C,0. 
 3385021241,-4.4508076,-1.8419478482\H,0.9441909329,-4.3113316327,-0.94 
 37513594\H,0.334364192,-3.5057561262,-2.3987457611\H,0.8419624854,-5.1 
 966537832,-2.4662525116\C,-1.0126355474,-6.2086437013,-0.6641338951\H, 
 -0.5021434438,-6.044402877,0.2854675075\H,-0.4682940901,-6.9801422932, 
 -1.2206548884\H,-2.0051661437,-6.6140141203,-0.4381984005\C,-1.8135971 
 357,-5.2283628269,-2.8351294255\H,-2.8430416736,-5.5733461105,-2.68981 
 61204\H,-1.2861768023,-6.023280884,-3.3726001728\H,-1.840165978,-4.351 
 381085,-3.4933256503\C,-3.2605110516,-4.1373187806,-0.2717805669\H,-3. 
 6452601532,-5.0300094627,-0.7683481255\H,-3.2026271842,-4.3459015198,0 
 .7949832428\N,-4.2658020349,-3.0452086595,-0.4834791805\C,-5.408641246 
 2,-3.0719995163,0.491802898\H,-5.053947655,-2.6655712735,1.4376186712\ 
 H,-5.7051289216,-4.117200897,0.6211156353\C,-6.5159775907,-2.227006390 
 5,-0.1647473587\H,-7.4818402195,-2.7305380424,-0.0759589596\H,-6.58356 
 29392,-1.2563427868,0.3266883249\C,-4.9235933189,-3.0323188982,-1.8332 
 720129\H,-5.2685265994,-4.0488711206,-2.0483924767\H,-4.1992218597,-2. 
 7281358567,-2.5901202683\C,-6.0851334811,-2.0549305148,-1.6479913879\H 
 ,-6.8926894375,-2.2628419115,-2.3536373542\H,-5.7345808957,-1.03576729 
 09,-1.8254586153\N,0.8271770079,-1.5924536936,1.6039771296\H,0.3927771 
 238,-0.6918718363,1.4277797742\C,-0.6621414784,-1.8628405697,3.5954033 
 018\C,-1.341265028,-2.9204937724,4.487640684\H,-1.7627107916,-2.427158 
 568,5.3707531559\H,-0.6257303574,-3.6737105468,4.8335729202\H,-2.14571 
 91534,-3.4457604068,3.9714599599\C,0.3994637864,-1.1364031909,4.446767 
 732\H,-0.0753224399,-0.6894789288,5.3271806242\H,1.1736559655,-1.82695 
 46229,4.7987458903\H,0.8932767364,-0.3309295482,3.8947907765\C,-1.7164 
 095391,-0.8466930213,3.1205292359\H,-1.2704552986,0.0176840952,2.61453 
 18943\H,-2.2597252378,-0.4457037593,3.9834178262\H,-2.4605000529,-1.27 
 78395054,2.445758614\C,2.1162833029,-1.7492773857,1.1845655862\N,2.552 
 1897624,-0.6462704252,0.4915242174\H,1.8150681911,0.0323588558,0.29063 
 89016\C,3.7639646443,-0.3364725177,-0.1402453273\C,6.093734659,0.52296 
 16848,-1.4867609118\C,3.7233616764,0.7478191292,-1.0364624299\C,4.9891 
 479649,-0.9795259467,0.0845617947\C,6.1294597367,-0.5470759909,-0.5969 
 76415\C,4.8730875859,1.1692702947,-1.6929239391\H,2.783548098,1.259013 
 0082,-1.2149660929\H,5.0438119582,-1.8039937348,0.7804315568\H,6.99013 
 1903,0.8544415669,-1.9952284063\C,-0.2968764985,1.9072342884,0.0846802 
 039\N,-0.0723374781,2.414501873,1.3528033619\C,-0.665947409,3.56430493 
 49,1.5208341476\S,-1.6071625878,4.2421042796,0.2032703454\C,-1.1787173 
 412,2.7697570773,-0.8429538725\O,0.1921714967,0.8504375664,-0.31221083 
 21\H,-3.766023552,-2.0692252244,-0.4188835204\C,-0.3385336638,3.209762 
 7799,-2.0538527404\H,-0.0301501418,2.3220086166,-2.614344406\H,0.56169 
 16913,3.7455182579,-1.7391864539\H,-0.9116737497,3.8593510735,-2.71757 
 71337\C,-0.5692516699,4.3269566182,2.7764733078\C,-0.4548982371,5.8334 
 89499,5.0426559208\C,0.1971889938,3.8568729727,3.8490768049\C,0.250598 
 5832,4.633008797,5.0052559532\C,-1.192340477,6.2155914889,3.9157547984 
 \H,0.7262778893,2.9152712514,3.7635201618\H,0.8339825416,4.3052851378, 
 5.8598517257\H,-1.7533408738,7.1471130061,3.9125417209\H,-0.4397318442 
 ,6.467982629,5.9226513114\C,-2.4346944757,1.9173250388,-1.2518044291\C 
 ,-3.195522128,1.4233617571,-0.0552513246\N,-3.5020150274,0.1460398228, 
 0.0967906293\O,-3.0605362294,-0.7519065978,-0.765998605\O,-4.228089615 
 7,-0.2650842757,1.067385237\H,-3.6338238521,2.0805003388,0.6817659453\ 
 H,-2.0068941977,1.0295935665,-1.7254680632\C,-3.3213912092,2.610655227 
 ,-2.2879886721\C,-3.2000183383,2.2773371607,-3.6446673695\C,-4.2785958 
 713,3.5701081057,-1.9233322471\C,-4.0005123455,2.8892831621,-4.6111636 
 158\H,-2.4754567573,1.5250855799,-3.9454638403\C,-5.0759390123,4.18738 
 11387,-2.8873606389\H,-4.4134962813,3.828642829,-0.8777982129\C,-4.939 
 4086953,3.8503789239,-4.2356069505\H,-3.8911189793,2.6121888962,-5.656 
 0569857\H,-5.8099272555,4.9280933623,-2.5825872024\H,-5.5638401476,4.3 
 283967306,-4.9848701237\C,7.4191688207,-1.2933746092,-0.3736089156\C,4 
 .7883669126,2.3001565758,-2.6817798232\F,7.5944506388,-1.6202962024,0. 
 9259541431\F,7.4549080967,-2.4515002724,-1.0739679\F,8.4974279412,-0.5 
 717644102,-0.7547228473\F,4.566664319,1.8545794894,-3.9417295039\F,3.7 
 810697628,3.156716693,-2.3905492852\F,5.9302467984,3.0215851943,-2.721 
 052126\S,3.013302031,-3.1515788115,1.481316873\N,-1.2516858735,5.48460 
 4181,2.8040230231\\Version=ES64L-G09RevD.01\State=1-A\HF=-3710.8605137 
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 \RMSD=3.554e-09\RMSF=6.790e-06\Dipole=-4.375349,1.8393436,-0.121126\Qu 
 adrupole=-19.1380378,4.3575347,14.7805031,27.9974243,14.6659004,36.774 
 3227\PG=C01 [X(C42H51F6N7O4S2)]\\@ 
 
int1B-S,S 
 1\1\GINC-R2992\FOpt\RB3LYP\6-31G(d,p)\C42H51F6N7O4S2\ROOT\09-Dec-2015\ 
 0\\# freq=noraman rb3lyp/6-31g** opt=maxcyc=200 scf=maxcyc=200 scrf=(s 
 md,solvent=toluene)\\Intm 1 after conj. addition conf. 1: S(elec),S(nu 
 c) (tol opt; cat III)\\0,1\C,2.1923914501,-3.4393816022,-0.7007314637\ 
 O,3.1911352358,-4.1078546386,-0.9822222946\C,1.1835724327,-3.023437169 
 ,-1.8015974682\H,0.6828295464,-3.9545452448,-2.0857808437\N,1.88138073 
 34,-3.0552387991,0.5619506813\H,1.0566839052,-2.4817241195,0.658966618 
 4\C,2.6317908187,-3.3480969325,1.7920520376\H,2.1912532466,-2.67183850 
 3,2.5326433882\C,2.3945092012,-4.7900096504,2.376374905\C,0.8802177839 
 ,-5.0741022258,2.3808767151\H,0.4673111065,-5.1147995901,1.3699639441\ 
 H,0.3274428436,-4.3089263219,2.9397871252\H,0.679671417,-6.0380889634, 
 2.8602190075\C,3.117617842,-5.8970447122,1.586041763\H,2.7805473658,-5 
 .9471415079,0.5500807773\H,2.9280094991,-6.8678955801,2.0581404229\H,4 
 .2030240177,-5.7502948551,1.57067677\C,2.886981808,-4.8138664762,3.839 
 6134325\H,3.9695316825,-4.6720404358,3.9273464309\H,2.6595281215,-5.78 
 49906015,4.2913059717\H,2.3916999682,-4.0478569532,4.447988065\C,4.115 
 7740246,-2.9555352603,1.6277098394\H,4.7638125308,-3.5466159808,2.2770 
 728762\H,4.4266884352,-3.1222075047,0.5976193911\N,4.3625831515,-1.515 
 330075,1.9658517924\C,5.6906832331,-1.0166242005,1.4490256047\H,5.5558 
 773461,-0.7123593642,0.4100226288\H,6.4101361363,-1.8397618382,1.49908 
 11001\C,6.057649101,0.1111620739,2.4071669645\H,7.1218443306,0.3552714 
 105,2.3601202669\H,5.4765541033,1.0065665872,2.1717830235\C,4.32003541 
 56,-1.2103566002,3.4598161424\H,4.2316054235,-2.1489571976,4.007545347 
 \H,3.4432468432,-0.5851055934,3.6187257483\C,5.6207207062,-0.451325046 
 5,3.7681926779\H,6.3814981683,-1.1359311755,4.1592042699\H,5.456373361 
 2,0.3297949499,4.5138381858\N,0.1275617236,-2.1558285298,-1.2834588462 
 \H,0.347830495,-1.1651914554,-1.2131679947\C,1.8743622738,-2.440399531 
 8,-3.0937864306\C,2.506416072,-3.5962897394,-3.8962568235\H,3.00757247 
 73,-3.2003719681,-4.7872836883\H,1.7396073916,-4.3030342455,-4.2344325 
 965\H,3.2351036998,-4.1438333726,-3.2982503524\C,0.8087609516,-1.77642 
 99915,-3.9887576543\H,1.2649059986,-1.4868080177,-4.9417901705\H,-0.01 
 43578609,-2.4633185896,-4.2120973718\H,0.382111097,-0.8735866878,-3.54 
 23546951\C,2.9601316112,-1.4088593351,-2.7314828314\H,2.5962140539,-0. 
 648675071,-2.0323497539\H,3.3131208863,-0.9014782357,-3.6365736933\H,3 
 .822559249,-1.8930595474,-2.2655461988\C,-1.1853490657,-2.522648533,-1 
 .1440109045\N,-1.9812505063,-1.457845754,-0.8092505045\H,-1.4922451031 
 ,-0.5599475471,-0.7623607257\C,-3.3504827403,-1.3418508291,-0.51871597 
 38\C,-6.0612379464,-0.8609168545,0.1227585026\C,-3.7686595905,-0.08290 
 72837,-0.0516070176\C,-4.3091866109,-2.3563964208,-0.673061295\C,-5.64 
 15355511,-2.1036284832,-0.3486665731\C,-5.1065726586,0.1444914283,0.26 
 30120522\H,-3.0435767713,0.7179333064,0.0674400597\H,-4.006103816,-3.3 
 286771819,-1.0314748635\H,-7.0982762143,-0.6822924408,0.3753758323\C,- 
 0.2485589148,2.0509595122,-0.7662963465\N,-1.16461693,2.6324626292,0.0 
 930647203\C,-0.9328150418,3.9069092642,0.2521587899\S,0.414517865,4.64 
 26184958,-0.5995129863\C,0.8229207225,2.9967463229,-1.3509346781\O,-0. 
 2865877616,0.8657061084,-1.0873357531\H,3.6284366075,-0.8813172099,1.4 
 637852621\C,0.652017749,3.0617909141,-2.8772975587\H,0.8138727174,2.06 
 63614384,-3.3011504216\H,1.3690227544,3.7515019384,-3.3259531595\H,-0. 
 35647715,3.3886830978,-3.1463069045\C,-1.7564603668,4.7627323567,1.122 
 2154502\C,-3.208110684,6.4468453028,2.696163658\C,-2.8200981946,4.2319 
 947222,1.8594624665\C,-3.5589608257,5.0996259368,2.6613630236\C,-2.123 
 5212594,6.8788950664,1.9230527417\H,-3.0496898508,3.1771390755,1.80270 
 88101\H,-4.3941818036,4.7241378282,3.2439800267\H,-1.8227617918,7.9239 
 267192,1.9287135859\H,-3.756557087,7.1564707134,3.3068994462\C,2.23252 
 55448,2.4579806095,-0.9080893565\C,2.3394248545,2.3498621964,0.5837982 
 298\N,2.66903028,1.2283060432,1.2034658273\O,2.8188612758,0.0982077102 
 ,0.5356749832\O,2.8535132411,1.2090125325,2.4709789368\H,2.2649812111, 
 3.2079833531,1.2354736995\H,2.2559604287,1.4371899494,-1.2963074062\C, 
 3.3960200571,3.2212912576,-1.545082783\C,4.0327345097,2.6981008655,-2. 
 6796698957\C,3.8680781785,4.4347042461,-1.0209002964\C,5.1020818348,3. 
 3657336153,-3.2792428309\H,3.6920630051,1.7527849324,-3.0930011593\C,4 
 .9336885449,5.1067522761,-1.6207540533\H,3.4116197961,4.8543069843,-0. 
 1299727015\C,5.5548633083,4.5756851969,-2.7529642201\H,5.5815887735,2. 
 9368764079,-4.1548946388\H,5.282929766,6.0448164989,-1.1982910835\H,6. 
 3872889379,5.0973356231,-3.2164758475\C,-6.6674304492,-3.1830328916,-0 
 .5772059528\C,-5.498811725,1.4947020827,0.7961809929\F,-6.1437654201,- 
 4.4210568641,-0.4618082642\F,-7.2126296987,-3.1009086483,-1.8152805171 
 \F,-7.6926270214,-3.0942095751,0.3022466742\F,-4.9845077939,1.71263515 
 94,2.0384130481\F,-5.03752411,2.501043054,0.0178432724\F,-6.8349005537 
 ,1.6449125836,0.8976857811\S,-1.7010700684,-4.1240718829,-1.3417897106 
 \N,-1.4097443433,6.061652061,1.1510847663\\Version=ES64L-G09RevD.01\St 
 ate=1-A\HF=-3710.8613339\RMSD=6.691e-09\RMSF=4.610e-06\Dipole=3.050112 
 8,2.5611217,2.221739\Quadrupole=4.6198761,-9.6817639,5.0618879,-30.094 
 7796,0.0765294,-9.9372846\PG=C01 [X(C42H51F6N7O4S2)]\\@ 
A8-14 
 
 
TS2A-R,R 
 1\1\GINC-R3203\FTS\RB3LYP\6-31G(d,p)\C42H51F6N7O4S2\ROOT\09-Dec-2015\0 
 \\# freq=noraman rb3lyp/6-31g** opt=(ts,calcfc,noeigen,maxcyc=200) # s 
 cf=maxcyc=200 scrf=(smd,solvent=toluene) iop(1/8=1)\\TS for 2nd C-C bo 
 nd addition forms DA pdt conf. 1: R(elec),R(nuc) (tol opt; cat III)\\0 
 ,1\C,-0.9463022725,-3.5165523423,0.8638745443\O,-1.354655335,-4.678846 
 5091,0.9386132137\C,-0.1030651699,-2.9301930948,2.0215598382\H,0.64285 
 96761,-3.7054159405,2.2146983163\N,-1.2012512582,-2.7074720296,-0.2007 
 621722\H,-0.9112372324,-1.7391911918,-0.1418203459\C,-1.9113088072,-3. 
 0845146106,-1.4343816156\H,-2.0897810322,-2.1235231155,-1.9283507357\C 
 ,-1.068219895,-3.9206301746,-2.4689040447\C,0.3095373313,-3.2547911335 
 ,-2.6388578155\H,0.894257276,-3.2861644401,-1.7165570786\H,0.214364333 
 8,-2.2088198784,-2.9543339257\H,0.8836544735,-3.7779497992,-3.41087852 
 46\C,-0.8700777428,-5.3920636576,-2.0585338142\H,-0.3168848426,-5.4844 
 410681,-1.1233637117\H,-0.3107974468,-5.9166650381,-2.8415925379\H,-1. 
 8222416121,-5.9190232785,-1.9321247645\C,-1.789711254,-3.8719301096,-3 
 .8344976558\H,-2.7491765449,-4.4007110656,-3.8318199704\H,-1.170150562 
 7,-4.3556623148,-4.5965984477\H,-1.9672256288,-2.8416294598,-4.1651241 
 87\C,-3.2801217872,-3.7112839326,-1.0993643144\H,-3.6468317351,-4.3527 
 112141,-1.9012446754\H,-3.1935470477,-4.3083815852,-0.1930820943\N,-4. 
 3413254893,-2.6706416634,-0.8688055376\C,-5.5299672819,-3.1912359318,- 
 0.0971893219\H,-5.2560526643,-3.2696812908,0.9559973682\H,-5.766598472 
 8,-4.1868466641,-0.4841941653\C,-6.6263301226,-2.1814423916,-0.4097136 
 626\H,-7.6192410942,-2.574474646,-0.1805530455\H,-6.4671121148,-1.2729 
 495115,0.1769927873\C,-4.8999698529,-2.027909282,-2.1348356021\H,-4.64 
 73436516,-2.6655654053,-2.9818880068\H,-4.4044141663,-1.065498863,-2.2 
 590681486\C,-6.4210396909,-1.9052703969,-1.9108236915\H,-6.9469762611, 
 -2.6552119328,-2.5090322197\H,-6.7914690087,-0.9229371292,-2.210741659 
 3\N,0.6443650938,-1.7356256326,1.6464757225\H,0.1913575464,-0.82697685 
 83,1.7741385667\C,-0.936980717,-2.7311508837,3.346631387\C,-1.27273221 
 87,-4.1141627063,3.9407172151\H,-1.8498331128,-3.989928608,4.864256143 
 5\H,-0.3605346222,-4.6681603639,4.1892263548\H,-1.851167246,-4.7251547 
 305,3.2461322623\C,-0.0826180905,-1.9657159451,4.3772845275\H,-0.61193 
 72253,-1.9323090557,5.3359180881\H,0.8798356587,-2.4600656606,4.547087 
 8054\H,0.1156585025,-0.9328408151,4.0780211449\C,-2.2450490447,-1.9600 
 11647,3.0881098336\H,-2.0789259612,-0.9888138183,2.6157095773\H,-2.767 
 5582245,-1.7825693187,4.0350210406\H,-2.9227149404,-2.5332919565,2.447 
 0065165\C,1.9558159802,-1.7352734575,1.2837525787\S,2.8466097545,-3.15 
 77800035,1.0272132255\N,2.459123432,-0.4698924276,1.1129343287\H,1.791 
 1340978,0.3109393928,1.119942462\C,3.7450422126,-0.0909497499,0.677549 
 4282\C,6.2520089252,0.8136021583,-0.2298220513\C,3.8327408562,0.975660 
 6121,-0.2244972908\C,4.9235810229,-0.6825052178,1.1566603129\C,6.15773 
 58744,-0.2293666387,0.6951422177\C,5.0784676437,1.4142511597,-0.676475 
 3066\H,2.9267782225,1.4584352927,-0.5718888932\H,4.8713852867,-1.48778 
 19874,1.8747115404\H,7.2170970201,1.1500848136,-0.5883654387\C,7.42768 
 0206,-0.8142136376,1.2527811251\C,5.1271708821,2.49130159,-1.724360646 
 5\F,4.2113634613,3.4594200653,-1.5029484529\F,6.3369601198,3.085964301 
 4,-1.7966996453\F,4.8637319567,1.9935197835,-2.9641817336\F,7.23547534 
 31,-2.020801186,1.8230794593\F,8.3722646523,-0.964875558,0.2943556073\ 
 F,7.9706458715,-0.0110366986,2.2015857931\C,-3.2901728992,0.6189450253 
 ,-0.1604863817\N,-2.1437383378,0.4696812491,-0.8714638232\C,-1.7654261 
 795,1.6798508457,-1.3463996311\S,-3.1504709226,2.8275908429,-1.5883037 
 031\C,-3.6960051784,2.0948769833,0.0204972274\O,-3.9502204991,-0.30797 
 91264,0.3531252444\H,-3.9546327503,-1.8636458301,-0.3041234016\C,-5.16 
 07551571,2.2894003148,0.3606156438\H,-5.383377079,1.8140429155,1.32039 
 35992\H,-5.7964843165,1.822259988,-0.3965888414\H,-5.4231150987,3.3467 
 399944,0.4312816634\C,-0.5753286043,1.8404348397,-2.2100760394\C,1.613 
 4135953,2.2798587252,-3.7917796475\C,0.419615812,0.8566911144,-2.26969 
 16993\C,1.5313971928,1.0855450817,-3.0795687935\C,0.5620479644,3.19391 
 02165,-3.6764459413\H,0.3196964308,-0.0541323718,-1.6937050106\H,2.325 
 987605,0.3488495534,-3.1413440535\H,0.5855719119,4.1329871891,-4.22518 
 30752\H,2.4726082023,2.5054075945,-4.413611175\C,-2.6655990769,2.70654 
 82123,1.0992177877\C,-1.2727101321,2.6818791028,0.5156421694\N,-0.3578 
 970909,1.7958007058,1.0475465426\O,-0.7681602115,0.7970128299,1.705876 
 5726\O,0.8690045622,1.937096865,0.7777051567\H,-0.7952799001,3.5882373 
 041,0.1703379412\H,-2.6885155186,2.0151717358,1.9454928568\C,-3.082207 
 0062,4.0772331054,1.6175468235\C,-3.6994175447,4.1634858395,2.87460448 
 31\C,-2.8792938773,5.2636412449,0.8956218446\C,-4.1130376509,5.3910810 
 493,3.3927063446\H,-3.8531453662,3.2578177793,3.4556345413\C,-3.291519 
 0127,6.492566081,1.4130838351\H,-2.4018142077,5.2324890721,-0.07774586 
 02\C,-3.9108676553,6.5622752278,2.661913689\H,-4.586491818,5.430970939 
 4,4.3696529743\H,-3.1222627373,7.3984424789,0.8378102638\H,-4.22777371 
 62,7.5204729442,3.0633863003\N,-0.5074039631,2.9882828237,-2.906472808 
 5\\Version=ES64L-G09RevD.01\State=1-A\HF=-3710.8435663\RMSD=3.960e-09\ 
 RMSF=1.886e-06\Dipole=-6.7126887,-0.3538909,-2.0756578\Quadrupole=9.30 
 10975,-12.9703199,3.6692224,30.6508612,-2.1779055,16.4546341\PG=C01 [X 
 (C42H51F6N7O4S2)]\\@ 
 
A8-15 
 
TS2A-S,S 
 1\1\GINC-R3090\FTS\RB3LYP\6-31G(d,p)\C42H51F6N7O4S2\ROOT\09-Dec-2015\0 
 \\# freq=noraman rb3lyp/6-31g** opt=(ts,calcfc,noeigen,maxcyc=200) # s 
 cf=maxcyc=200 scrf=(smd,solvent=toluene) iop(1/8=1)\\TS for 2nd C-C bo 
 nd addition forms DA pdt conf. 2: S(elec),S(nuc) (tol opt; cat III)\\0 
 ,1\C,-1.6842813058,-3.5597508977,-0.3209492431\O,-2.5003078676,-4.4576 
 084508,-0.5528960983\C,-0.5593642772,-3.7779709313,0.7334822151\H,0.02 
 81910236,-4.6056764881,0.3240005654\N,-1.6733646296,-2.3672239707,-0.9 
 65562859\H,-0.9688943174,-1.6938766568,-0.6870686911\C,-2.4359650665,- 
 1.9605845084,-2.1574331101\H,-2.3475050644,-0.8696701893,-2.1631895734 
 \C,-1.7907753338,-2.4368841194,-3.515924424\C,-0.2733689335,-2.1739568 
 687,-3.4619952695\H,0.2290206844,-2.8163707076,-2.7350397442\H,-0.0522 
 667554,-1.1319739441,-3.2027876357\H,0.1751453778,-2.3743088133,-4.440 
 4438314\C,-2.0383204199,-3.9308809525,-3.7971168226\H,-1.6485847565,-4 
 .5663888567,-2.9990240463\H,-1.5439850357,-4.2204922367,-4.7311760991\ 
 H,-3.1040293672,-4.157802875,-3.9113177258\C,-2.3751236892,-1.59103286 
 26,-4.6687406462\H,-3.4384076376,-1.7826719369,-4.8485857092\H,-1.8525 
 582133,-1.8248869056,-5.6021337108\H,-2.2547198635,-0.5175204204,-4.48 
 25440061\C,-3.9355714025,-2.2896182966,-2.0741516751\H,-4.3815387596,- 
 2.1466967651,-3.0582405564\H,-4.1033118695,-3.3157540278,-1.7491690718 
 \N,-4.6991842473,-1.3790345861,-1.1508913611\C,-4.5536914273,-1.672426 
 0021,0.326560889\H,-3.6609568753,-1.1565437377,0.6728843242\H,-4.43014 
 73868,-2.7510723123,0.4294334478\C,-5.8516975273,-1.1545822088,0.98366 
 49962\H,-6.3282313035,-1.9578171199,1.5512138454\H,-5.6391164446,-0.33 
 57844838,1.6734712547\C,-6.1815812475,-1.3852069643,-1.4087874606\H,-6 
 .5011464634,-2.4295853648,-1.4745935896\H,-6.3790568547,-0.8847632702, 
 -2.3586104953\C,-6.7543359901,-0.6820579359,-0.1823258496\H,-7.8074443 
 463,-0.9302011942,-0.0332012143\H,-6.6795927535,0.4014000984,-0.310449 
 0008\N,0.3595553889,-2.647629568,0.8093946777\H,0.026782923,-1.8063750 
 982,1.2702410963\C,-1.0501209779,-4.2207641073,2.1622363321\C,-1.78358 
 75101,-5.57470078,2.0920507966\H,-2.0469659549,-5.8983030812,3.1056636 
 124\H,-1.1417001432,-6.3470559872,1.6541177852\H,-2.6919691803,-5.5234 
 942865,1.4923702215\C,0.1841948695,-4.4014179003,3.0699135159\H,-0.129 
 5900406,-4.789632199,4.0451238199\H,0.8960688176,-5.1133761666,2.64069 
 91324\H,0.7146815673,-3.4612104574,3.2447774204\C,-1.9775472622,-3.162 
 6664843,2.7860130976\H,-1.4866956421,-2.1858474738,2.8709620648\H,-2.2 
 657689566,-3.4626256063,3.7996489105\H,-2.8982264583,-3.0388553665,2.2 
 08107421\C,1.6661363911,-2.6464241568,0.4020567105\S,2.4020434616,-3.9 
 985617229,-0.3000950456\N,2.253269392,-1.427161386,0.6180558507\H,1.60 
 30892676,-0.6891162001,0.9113445637\C,3.5592886322,-0.9495743145,0.431 
 1319858\C,6.0996370115,0.2521684802,0.1372065151\C,3.728083939,0.43706 
 06083,0.6066243396\C,4.6820716091,-1.7314862118,0.1237869853\C,5.92923 
 39666,-1.120300801,-0.023122148\C,4.9807285359,1.0216852928,0.46012007 
 77\H,2.8710214568,1.0523846315,0.8607110974\H,4.5768656171,-2.79920447 
 93,-0.0006876498\H,7.0726009744,0.7105574952,0.0165713015\C,7.10310496 
 21,-1.9759835609,-0.4221082008\C,5.137159785,2.4957916963,0.7200713452 
 \F,5.3517741904,2.7539073775,2.0334058267\F,6.1844353615,3.0201595982, 
 0.0454115822\F,4.0359997778,3.1942024284,0.3641423528\F,7.1183834463,- 
 2.2157917237,-1.7550917423\F,8.2843818731,-1.3919046196,-0.1171137097\ 
 F,7.081853543,-3.181586578,0.1879398611\C,-3.3459265277,1.8017076395,- 
 0.6968436792\N,-3.1513496489,1.3397841352,0.5585642691\C,-2.552071396, 
 2.3075744125,1.2945919688\S,-2.9523451006,3.9876491297,0.729084142\C,- 
 2.7214318071,3.1924389418,-0.924911324\O,-3.8906502631,1.1670684305,-1 
 .6281895335\H,-4.364000415,-0.3779045047,-1.3076421824\C,-3.3004473444 
 ,3.9446137373,-2.1068775454\H,-3.1206180066,3.3793315674,-3.0260763046 
 \H,-2.8530841459,4.9343651673,-2.2178318799\H,-4.3821477712,4.05810598 
 ,-1.9960703459\C,-2.2806549949,2.1159871208,2.7387362701\C,-1.76167049 
 08,1.8759586341,5.4127035042\C,-2.3156203656,0.8423816841,3.3186483285 
 \C,-2.0520892315,0.7263569658,4.681891167\C,-1.7509841831,3.1025179138 
 ,4.7428867858\H,-2.5570627405,-0.0190854195,2.7094914565\H,-2.07408375 
 54,-0.2460931317,5.1644480317\H,-1.5332275816,4.0223702049,5.281554910 
 5\H,-1.5491741473,1.8314981551,6.4758056619\C,-1.1319703739,2.92838639 
 67,-0.9995145314\C,-0.6623965507,2.3978401843,0.3398348287\N,-0.248478 
 3422,1.0775929985,0.3945693605\O,-0.6062598413,0.2713871413,-0.5000918 
 6\O,0.3973820479,0.6731160173,1.4157202403\H,-0.0890111965,3.020712905 
 9,1.0126759834\H,-1.0038824064,2.1332115915,-1.7382059027\C,-0.3351031 
 739,4.1314159037,-1.4864159433\C,0.126124475,4.1404441443,-2.811265342 
 3\C,-0.0350247538,5.234143622,-0.671392079\C,0.8567333687,5.2174182057 
 ,-3.3137693977\H,-0.0841729393,3.2897093302,-3.4545652603\C,0.69580804 
 14,6.3121497723,-1.1728389874\H,-0.3753810966,5.2560506923,0.358147869 
 4\C,1.1435824383,6.3098701873,-2.4947890478\H,1.2054103679,5.198271560 
 6,-4.3424225828\H,0.9192728158,7.1544734443,-0.524208666\H,1.716257060 
 3,7.1482700201,-2.8805733148\N,-2.0006253105,3.2279555903,3.4385121114 
 \\Version=ES64L-G09RevD.01\State=1-A\HF=-3710.8438388\RMSD=4.158e-09\R 
 MSF=1.960e-06\Dipole=-5.7341306,0.5692837,0.3092312\Quadrupole=3.95605 
 43,-26.4885085,22.5324542,26.8575029,4.9977499,-6.3001326\PG=C01 [X(C4 
 2H51F6N7O4S2)]\\@ 
 
int2A-R,R 
A8-16 
 
 1\1\GINC-R3470\FOpt\RB3LYP\6-31G(d,p)\C42H51F6N7O4S2\ROOT\09-Dec-2015\ 
 0\\# freq=noraman rb3lyp/6-31g** opt=maxcyc=200 scf=maxcyc=200 scrf=(s 
 md,solvent=toluene)\\Diels-Alder product (non protonated) conf. 1: R(e 
 lec),R(nuc) (tol opt; cat IV)\\0,1\C,-2.0722612703,-2.6687257708,0.830 
 8610355\O,-2.7343918474,-3.7115192172,0.8399954461\C,-1.1366628525,-2. 
 3800735104,2.0308335388\H,-0.6815223631,-3.3528843829,2.227764882\N,-2 
 .1099706586,-1.7690005046,-0.1861897398\H,-1.6319977097,-0.8710363404, 
 -0.0999868022\C,-2.896623028,-1.9007415533,-1.4233788656\H,-2.82197917 
 99,-0.9030533635,-1.8691667971\C,-2.3055849945,-2.8753507923,-2.510829 
 5434\C,-0.7816507208,-2.6744539581,-2.5913523844\H,-0.2772324222,-3.04 
 17850459,-1.6951201464\H,-0.5145454826,-1.6195291067,-2.7184684091\H,- 
 0.3779466381,-3.2262075064,-3.4471753214\C,-2.6011034406,-4.3633129924 
 ,-2.2378277361\H,-2.2026499551,-4.6872093145,-1.2759776056\H,-2.147946 
 6596,-4.9762118709,-3.0253354778\H,-3.6753302168,-4.5804984487,-2.2414 
 06154\C,-2.9159152758,-2.4861665935,-3.8751878466\H,-4.0050410595,-2.6 
 027255419,-3.9031302683\H,-2.50908119,-3.1274379044,-4.6639596802\H,-2 
 .6824000443,-1.4487623661,-4.1428658491\C,-4.3774046179,-2.1749028292, 
 -1.1009089369\H,-4.9086687656,-2.6087300507,-1.9496027234\H,-4.4350811 
 652,-2.869454517,-0.2649327499\N,-5.1237336109,-0.9261730476,-0.718777 
 6312\C,-6.3415920969,-1.194982463,0.1502026118\H,-6.028882819,-1.08847 
 06437,1.1898490614\H,-6.6543828659,-2.2268393343,-0.0157338665\C,-7.41 
 59018191,-0.1772813891,-0.285090817\H,-8.2295792801,-0.6943544202,-0.8 
 018894184\H,-7.8470964113,0.3435434545,0.5721898421\C,-5.6163033915,-0 
 .0951562505,-1.8779802631\H,-6.0346835822,-0.7759073537,-2.6253071581\ 
 H,-4.7769130511,0.450366029,-2.3099978257\C,-6.6889073075,0.7843119141 
 ,-1.2449462222\H,-7.3515656837,1.2213281869,-1.9952504478\H,-6.2093529 
 72,1.5909509865,-0.6860086615\N,-0.0413192798,-1.4797453272,1.69861249 
 77\H,-0.2624687136,-0.4917940309,1.6255385605\C,-1.8730222071,-1.93246 
 79026,3.3492835037\C,-2.9899248743,-2.9331537589,3.7025266556\H,-3.414 
 1078053,-2.6712537265,4.6784961981\H,-2.6103759303,-3.9575659638,3.764 
 0998547\H,-3.7989484491,-2.929370999,2.9689998091\C,-0.8411564482,-1.9 
 343585156,4.4951632217\H,-1.327370178,-1.656409715,5.4367694132\H,-0.3 
 919730421,-2.9242056553,4.6296518653\H,-0.0323126901,-1.2195901383,4.3 
 173617275\C,-2.4766443427,-0.5217486574,3.2176153009\H,-1.7037729617,0 
 .2466407909,3.1108544479\H,-3.0431135664,-0.2746352955,4.1227776713\H, 
 -3.1540081213,-0.4282897668,2.3642128113\C,1.2431759454,-1.856595592,1 
 .4469512973\S,1.7420551173,-3.4729216614,1.4127268316\N,2.0642359426,- 
 0.7674745027,1.2691015107\H,1.6373336506,0.1246050385,1.5110640964\C,3 
 .3957609401,-0.6370823802,0.8507817683\C,6.0343166709,-0.1142871538,-0 
 .0085677001\C,3.9716873648,0.6347091162,1.0259964907\C,4.1526630109,-1 
 .6438382714,0.2348071522\C,5.4578287816,-1.3707747563,-0.1780121557\C, 
 5.2697648084,0.8859029965,0.5940324571\H,3.397163153,1.4298183505,1.49 
 18420539\H,3.7245088697,-2.6238028286,0.084377426\H,7.0469414858,0.082 
 8058686,-0.3372120626\C,6.271130349,-2.486539438,-0.7797831557\C,5.824 
 2269196,2.2797337144,0.7000571522\F,5.3060746274,2.9617746592,1.741463 
 8957\F,7.1682005211,2.2824688347,0.8391602162\F,5.5525139761,3.0084821 
 185,-0.4170508029\F,6.8669353217,-3.2444732119,0.1706139205\F,5.513341 
 2197,-3.3215863274,-1.5244819594\F,7.2575110127,-2.0191271638,-1.57993 
 5532\C,-2.9153123028,1.7503861699,0.0758185572\N,-1.7649226315,1.28251 
 86531,-0.3873749331\C,-0.9355072714,2.404830527,-0.7610253902\S,-2.152 
 5544133,3.7060140082,-1.4953914984\C,-2.9454933622,3.3032351108,0.1412 
 524855\O,-3.907535053,1.0818637518,0.490869138\H,-4.4836429595,-0.2640 
 876928,-0.1708007005\C,-4.304773752,3.9197438186,0.3862156298\H,-4.717 
 457616,3.5412051404,1.3262535011\H,-4.9987733427,3.6505846972,-0.41453 
 96606\H,-4.249334411,5.0089953027,0.4443762698\C,0.1854242244,2.063548 
 2354,-1.7153296667\C,2.2777140058,1.5166711873,-3.3949680068\C,-0.0780 
 636335,1.4271877009,-2.9344374787\C,0.9879120906,1.1522048822,-3.78566 
 88445\C,2.4418015793,2.1391063291,-2.1602664402\H,-1.0966418441,1.1718 
 339152,-3.202469759\H,0.8166165149,0.66428175,-4.7406544437\H,3.427935 
 2511,2.432239575,-1.8092942881\H,3.1365514476,1.3206929917,-4.02835524 
 47\C,-1.8224510993,3.6461136783,1.2103874301\C,-0.505533888,3.28936252 
 25,0.463548944\N,0.4881101759,2.6449886958,1.3982411306\O,0.2585803071 
 ,1.5030940563,1.828155674\O,1.4733628173,3.293057848,1.7154167868\H,0. 
 0299755557,4.1699739408,0.1246680756\H,-1.9590407868,2.9397279889,2.03 
 5774778\C,-1.8541845478,5.0435152147,1.801141969\C,-2.2546985607,5.208 
 1113374,3.1347411727\C,-1.5170368435,6.1874366411,1.0604122784\C,-2.31 
 77418982,6.4749358449,3.7163832992\H,-2.5129970947,4.3329767361,3.7258 
 952215\C,-1.5821015483,7.4546467805,1.6396729394\H,-1.2086777348,6.088 
 8085226,0.0245815748\C,-1.9818874773,7.6039156002,2.9691181626\H,-2.62 
 388245,6.5772082401,4.7536004833\H,-1.3157596298,8.3273706847,1.050208 
 2336\H,-2.0257208576,8.5912935055,3.4195380598\N,1.4209755719,2.408325 
 8928,-1.3335413376\\Version=ES64L-G09RevD.01\State=1-A\HF=-3710.853913 
 7\RMSD=3.316e-09\RMSF=6.677e-06\Dipole=-6.5453333,1.5025983,-2.1238696 
 \Quadrupole=23.6854392,-32.6630229,8.9775837,15.2527424,3.5125071,12.6 
 167509\PG=C01 [X(C42H51F6N7O4S2)]\\@ 
 
int2A-S,S 
 1\1\GINC-R3505\FOpt\RB3LYP\6-31G(d,p)\C42H51F6N7O4S2\ROOT\09-Dec-2015\ 
 0\\# freq=noraman rb3lyp/6-31g** opt=maxcyc=200 scf=maxcyc=200 scrf=(s 
A8-17 
 
 md,solvent=toluene)\\Diels-Alder product (non protonated) conf. 2: S(e 
 lec),S(nuc) (tol opt; cat IV)\\0,1\C,-1.4189449435,-3.1930664887,0.238 
 3783568\O,-2.1800947861,-4.1640017228,0.2879621596\C,-0.192671519,-3.1 
 149902939,1.193622236\H,0.4240710081,-3.9708664156,0.901475962\N,-1.55 
 75039246,-2.1687148122,-0.6410257334\H,-0.8504389285,-1.4464897568,-0. 
 5973461954\C,-2.4384491503,-2.0843466509,-1.8205517089\H,-2.4718007544 
 ,-1.015186766,-2.0534932831\C,-1.8352343178,-2.780064706,-3.101725303\ 
 C,-0.3610191687,-2.3568522452,-3.2547773794\H,0.2692805988,-2.76187619 
 45,-2.4593955889\H,-0.2494917778,-1.2660229824,-3.2587104182\H,0.03668 
 64191,-2.7293300351,-4.2044627525\C,-1.9123201226,-4.3166766242,-3.029 
 2363549\H,-1.3951558695,-4.7110505561,-2.1515176584\H,-1.4459674613,-4 
 .7543559553,-3.9189308585\H,-2.9460460964,-4.67792702,-2.9958456398\C, 
 -2.5966346262,-2.2833427962,-4.3504011726\H,-3.6365747899,-2.623689823 
 8,-4.385480285\H,-2.111268711,-2.6649859714,-5.2546771969\H,-2.5984496 
 425,-1.1889947134,-4.4135580981\C,-3.8872592431,-2.5221676388,-1.54472 
 8255\H,-4.4076618911,-2.6000217007,-2.4989125821\H,-3.9244973327,-3.48 
 45615327,-1.037135668\N,-4.6773302173,-1.5334200928,-0.7368786224\C,-4 
 .4466581071,-1.5692852748,0.7627009995\H,-3.7046953943,-0.8008965845,0 
 .982062169\H,-4.0570322677,-2.5543606787,1.0185911815\C,-5.82221494,-1 
 .2879926524,1.4071384573\H,-6.1968176693,-2.1901345689,1.9000597695\H, 
 -5.7606825507,-0.5002189713,2.1610865289\C,-6.1609715752,-1.6742112473 
 ,-0.9366471541\H,-6.4143739918,-2.7383785788,-0.8878409331\H,-6.421049 
 991,-1.2838700648,-1.9225026861\C,-6.7435851189,-0.8954103448,0.235700 
 741\H,-7.7921678089,-1.14530589,0.4131232882\H,-6.6776351376,0.1777470 
 881,0.0328489476\N,0.6346125288,-1.9361454859,0.9461051021\H,0.3371887 
 628,-1.0781270362,1.3970888531\C,-0.5191070827,-3.277410352,2.72653331 
 38\C,-1.0938226601,-4.6810320979,3.0037886981\H,-1.2555422518,-4.80402 
 33695,4.0809106568\H,-0.3957668747,-5.4618825324,2.6820675006\H,-2.036 
 8359501,-4.8465648431,2.483816294\C,0.7935417034,-3.1406421954,3.52634 
 17565\H,0.6011950031,-3.3505200532,4.5837876205\H,1.5512637573,-3.8499 
 777413,3.178517122\H,1.2213309112,-2.1354777321,3.4665230226\C,-1.5171 
 307761,-2.2099819073,3.2114850928\H,-1.1626231018,-1.1871823488,3.0344 
 394803\H,-1.674209239,-2.306337841,4.2914020853\H,-2.491478325,-2.3183 
 306642,2.7277110894\C,1.9028796282,-1.9500183786,0.430739314\S,2.64015 
 23037,-3.3490253314,-0.1593932182\N,2.4589329074,-0.6947882886,0.42048 
 58991\H,1.8034286851,0.0728792549,0.5701375552\C,3.7488744756,-0.26651 
 16092,0.0585634433\C,6.2716953414,0.7908101182,-0.6158598474\C,3.87418 
 54783,1.0595911605,-0.3838218787\C,4.9006951042,-1.0554866612,0.182694 
 587\C,6.1413730606,-0.5217434537,-0.1651428463\C,5.1241430447,1.576977 
 2328,-0.7125946609\H,2.9932631202,1.6856711848,-0.4715455969\H,4.82803 
 52708,-2.0710538778,0.5413663275\H,7.2418999941,1.1928566158,-0.881000 
 3919\C,7.364445687,-1.3983257981,-0.0986334771\C,5.2538382537,3.020557 
 3907,-1.118398483\F,5.5811779519,3.8075685533,-0.0651344208\F,6.220412 
 9392,3.1953556863,-2.0470957798\F,4.105389526,3.5127367437,-1.63190414 
 06\F,7.6113927207,-2.0029564505,-1.2844165843\F,8.4737903151,-0.688617 
 3188,0.2124991636\F,7.2412521224,-2.3772864117,0.8231408047\C,-3.61500 
 68501,1.7151861003,-0.9068289125\N,-3.1157126814,1.4929721885,0.296755 
 5134\C,-2.4195321457,2.6713235902,0.7134423731\S,-3.4463795068,4.15163 
 17328,0.0962250563\C,-3.2835564947,3.1352729212,-1.4482526784\O,-4.227 
 3517745,0.8844996353,-1.6458624938\H,-4.4322586502,-0.5245945652,-1.07 
 80719736\C,-4.1085392525,3.5844645296,-2.6343244597\H,-3.9815542251,2. 
 8783627022,-3.4606703859\H,-3.8171596927,4.579469025,-2.9783627898\H,- 
 5.1712130165,3.5997696485,-2.3771362616\C,-2.1190968729,2.7798991342,2 
 .1894840902\C,-1.5617399086,3.1168253947,4.848594727\C,-2.6998838245,1 
 .9074968906,3.1134648248\C,-2.4144896276,2.0833489251,4.4670175375\C,- 
 1.0326079612,3.9367018899,3.8501575736\H,-3.3608944051,1.1261351063,2. 
 7614148704\H,-2.853247378,1.4240369702,5.2104049086\H,-0.3639387343,4. 
 7559538439,4.1069948025\H,-1.3103610199,3.2896151279,5.8899939439\C,-1 
 .7120377398,3.0777048358,-1.6635361315\C,-1.1531234466,2.8744161961,-0 
 .2340962194\N,-0.2820402618,1.6507001104,-0.1207327173\O,-0.4214932058 
 ,0.7149184486,-0.9045074149\O,0.5198205619,1.6227242994,0.8270123518\H 
 ,-0.5312670757,3.6806721179,0.146408348\H,-1.5137482515,2.1741020851,- 
 2.245551352\C,-1.1013024142,4.241494242,-2.4256902868\C,-0.7827397899, 
 4.0621294428,-3.7805199896\C,-0.8468863789,5.4938768587,-1.8447956729\ 
 C,-0.2361171935,5.0982607069,-4.5377955872\H,-0.9608591934,3.095869617 
 3,-4.2457980922\C,-0.2985808664,6.5310607985,-2.6008413379\H,-1.085327 
 9012,5.6661912422,-0.8009640873\C,0.00813803,6.3392733749,-3.948712316 
 4\H,0.0050050396,4.9321271056,-5.5838881381\H,-0.1079474323,7.49156629 
 89,-2.1306574112\H,0.4385052819,7.1476276674,-4.5327530497\N,-1.299699 
 025,3.780126533,2.5508425336\\Version=ES64L-G09RevD.01\State=1-A\HF=-3 
 710.8574218\RMSD=6.207e-09\RMSF=3.334e-06\Dipole=-4.5193444,-0.2536463 
 ,0.6928996\Quadrupole=-2.1661381,-21.3549103,23.5210484,30.1793774,1.1 
 771194,0.4394585\PG=C01 [X(C42H51F6N7O4S2)]\\@ 
 
TS2’A-R,R 
 1\1\GINC-R2954\FTS\RB3LYP\6-31G(d,p)\C42H51F6N7O4S2\ROOT\07-Mar-2016\0 
 \\# freq=noraman b3lyp/6-31G(d,p) opt=(ts,calcfc,noeigen,maxcyc=200) s 
 cf=maxcyc=200 scrf=(smd,solvent=toluene)\\TS for protonation of int1DA 
  conf. 1: R(elec),R(nuc) (tol opt; cat III)\\0,1\C,-2.5947187433,-3.64 
A8-18 
 
 38747332,0.4112902557\O,-2.4787015037,-4.869440531,0.4636541744\C,-3.8 
 752612725,-2.9554720028,-0.1560244372\H,-4.5527111448,-2.8265709862,0. 
 6964598518\N,-1.6399374811,-2.7846082148,0.8570367267\H,-1.8490829565, 
 -1.797703187,0.8054564987\C,-0.3733175139,-3.0946915189,1.5408528835\H 
 ,0.1437096694,-2.1307257605,1.5455918013\C,-0.5333714327,-3.4808701537 
 ,3.0637095568\C,-1.6087641977,-2.5749288719,3.694731771\H,-2.606537514 
 5,-2.7817442831,3.2992314819\H,-1.3955048354,-1.5130851939,3.524676207 
 5\H,-1.6425987357,-2.735054083,4.7775541113\C,-0.9196799917,-4.9568528 
 842,3.2826180773\H,-1.8372395673,-5.2205150119,2.7536996863\H,-1.07045 
 40374,-5.1443811724,4.351819013\H,-0.1333151557,-5.6409670183,2.945048 
 3051\C,0.8009456969,-3.1981743482,3.787962705\H,1.6307666577,-3.802664 
 8338,3.4071203928\H,0.7026791869,-3.4294285172,4.8537943354\H,1.084291 
 6427,-2.1423267071,3.7084545363\C,0.5084774123,-4.0840653946,0.7609676 
 4\H,1.4060746931,-4.2656670014,1.3538789926\H,-0.0113636542,-5.0352839 
 102,0.6253313825\N,0.9863909513,-3.626038388,-0.5840906582\C,0.0307675 
 693,-3.8785823964,-1.7151985277\H,-0.7469917749,-3.119933097,-1.710021 
 5685\H,-0.4277979369,-4.8601251055,-1.5602787747\C,0.8966161078,-3.851 
 3355423,-2.9838929365\H,0.5294900657,-4.5792124145,-3.7112363026\H,0.8 
 534848204,-2.8687236609,-3.4596326176\C,2.2108871544,-4.3883292542,-0. 
 9894929541\H,2.0413131603,-5.4469300079,-0.7561809852\H,3.0671089499,- 
 4.0363054051,-0.4130660199\C,2.337582177,-4.1708425363,-2.5015369852\H 
 ,2.7545170723,-5.0572178801,-2.9854577406\H,3.0108931753,-3.3376140649 
 ,-2.7138961749\N,-3.5546690054,-1.6038741924,-0.6009100677\H,-2.819917 
 8755,-1.5160661802,-1.2959411063\C,-4.6494794407,-3.7910956587,-1.2398 
 526169\C,-5.3140032393,-5.0105113146,-0.5683878438\H,-5.8825222983,-5. 
 5800157658,-1.3123788245\H,-6.0192685818,-4.691853366,0.2083585296\H,- 
 4.5762157639,-5.6714510689,-0.1135844174\C,-5.765032847,-2.9131883123, 
 -1.8418505918\H,-6.3848739482,-3.5192243967,-2.5118239422\H,-6.4144444 
 031,-2.4955758169,-1.0667809291\H,-5.3632654717,-2.0803218968,-2.42666 
 81491\C,-3.7206693968,-4.2594491823,-2.3755860856\H,-3.2154351442,-3.4 
 167114929,-2.8643942835\H,-4.3044891329,-4.7687382441,-3.1502679306\H, 
 -2.9649920072,-4.9590154091,-2.011533367\C,-4.0497462285,-0.4369360222 
 ,-0.0959800539\N,-3.3564804786,0.6449416208,-0.5834085523\H,-2.4362614 
 506,0.4186313704,-0.9657948623\C,-3.5258689247,2.0093361707,-0.2815549 
 439\C,-3.687353188,4.7780519111,0.1850377762\C,-2.3702248837,2.7584976 
 909,-0.0454824114\C,-4.7733605274,2.6489386888,-0.2839747975\C,-4.8397 
 28819,4.0198904351,-0.0436283355\C,-2.4542779015,4.1332419648,0.175846 
 1503\H,-1.4099528193,2.2551076334,-0.0192777456\H,-5.6743261479,2.0848 
 895259,-0.4797826654\H,-3.7528067156,5.8447061411,0.3588802374\C,3.668 
 3719064,1.1809680885,-1.8077224695\N,4.9718498138,1.6832392076,-1.7526 
 890767\C,5.2955058912,2.067287661,-0.5563973997\S,4.1239176086,1.90704 
 49357,0.7486479887\C,2.9027942582,1.1954367919,-0.4556035823\O,3.14940 
 3724,0.7828065681,-2.8358240803\H,1.2404135055,-2.3237760661,-0.633321 
 2537\C,1.7193637129,2.1727412259,-0.5982523987\H,1.0524883159,1.836999 
 8763,-1.3968034158\H,2.0793240126,3.1683555297,-0.8698731221\H,1.15964 
 48209,2.2582826227,0.3346688881\C,6.6172836241,2.6395683212,-0.2402501 
 621\C,9.0295489456,3.6994725756,0.4514746145\C,7.5803326635,2.81050825 
 76,-1.24151951\C,8.8116782653,3.3523485732,-0.8804673097\H,7.351767157 
 8,2.5215203351,-2.2604612336\H,9.5861281236,3.5006779615,-1.6265849103 
 \H,9.9740041339,4.1243018046,0.7752815391\C,2.4635527565,-0.2518420081 
 ,0.0228355306\C,1.4063145835,-0.9010124101,-0.88092\N,0.0802290603,-0. 
 4476919734,-0.6888144996\O,-0.3089505619,-0.0612445999,0.4393195853\O, 
 -0.737965889,-0.5422994542,-1.6481360918\H,1.6255614568,-0.8665691755, 
 -1.9453813024\H,1.9860786594,-0.099700067,0.9939543257\C,3.6542552645, 
 -1.1855063197,0.2462871515\C,3.9391237392,-1.639416883,1.5427431051\C, 
 4.4815075829,-1.6203142264,-0.802241389\C,5.010253531,-2.4993233866,1. 
 7896832937\H,3.321527437,-1.3041883789,2.371777267\C,5.5604145285,-2.4 
 730025732,-0.5564669005\H,4.2905417215,-1.2994360864,-1.8201654274\C,5 
 .8285180897,-2.917494779,0.7388498009\H,5.211149613,-2.8311435579,2.80 
 43244336\H,6.190548779,-2.7890980262,-1.3829760973\H,6.6683897892,-3.5 
 79601988,0.9281148576\C,-6.182422629,4.6996961458,0.0080307058\C,-1.17 
 40493805,4.8881346782,0.4050265179\F,-7.1189057736,4.0344513696,-0.701 
 8396352\F,-6.1250319034,5.9598264632,-0.4831520945\F,-6.646885818,4.80 
 04669209,1.275766684\F,-0.4723315209,4.3744152743,1.4446655271\F,-0.35 
 42494644,4.8181294607,-0.6744931401\F,-1.3798088064,6.194396802,0.6656 
 339562\S,-5.3180386041,-0.3543147033,1.0134430467\N,6.8183443333,2.972 
 4489882,1.0451976704\C,8.0010799913,3.4903584252,1.3765415968\H,8.1375 
 098785,3.751995038,2.4232835418\\Version=ES64L-G09RevD.01\State=1-A\HF 
 =-3710.8364478\RMSD=2.588e-09\RMSF=8.943e-07\Dipole=5.9194107,-2.55729 
 43,-0.3602981\Quadrupole=9.1534184,-0.0374494,-9.115969,10.6816339,12. 
 1741268,4.871166\PG=C01 [X(C42H51F6N7O4S2)]\\@ 
 
TS2’A-S,S 
 1\1\GINC-R2615\FTS\RB3LYP\6-31G(d,p)\C42H51F6N7O4S2\ROOT\07-Mar-2016\0 
 \\# freq=noraman b3lyp/6-31G(d,p) opt=(ts,calcfc,noeigen,maxcyc=200) s 
 cf=maxcyc=200 scrf=(smd,solvent=toluene)\\TS for protonation of int1DA 
  conf. 2: S(elec),S(nuc) (tol opt; cat III)\\0,1\C,0.2416416681,3.8266 
 590114,0.3338847397\O,-0.4729820406,4.8284151799,0.3938936957\C,1.5866 
 271949,3.8154212678,-0.4578321139\H,2.3346230751,4.230631042,0.2276024 
A8-19 
 
 873\N,-0.0439550594,2.6581942131,0.9656795562\H,0.6234781421,1.9104375 
 727,0.846581504\C,-1.1408520008,2.3347373416,1.8919051784\H,-1.1225816 
 301,1.2411225553,1.9358628944\C,-0.864132442,2.8018322,3.3719303526\C, 
 0.5378878713,2.3012942016,3.7751824704\H,1.328275467,2.7552323196,3.17 
 12609908\H,0.6200757596,1.2122619351,3.6742059476\H,0.7396315824,2.550 
 3417564,4.8221929151\C,-0.9244248608,4.3309692306,3.5450413093\H,-0.20 
 49869698,4.847556841,2.9069319023\H,-0.7035761989,4.5919066044,4.58651 
 58961\H,-1.9167323815,4.7322808502,3.314313515\C,-1.8930602219,2.14435 
 15099,4.3172238091\H,-2.8965563051,2.5674834774,4.2090027401\H,-1.5926 
 709042,2.3043954712,5.3583136756\H,-1.9684351447,1.0644365567,4.152570 
 3104\C,-2.5328416956,2.7254296617,1.3733391607\H,-3.2563437265,2.40126 
 2659,2.1204581517\H,-2.6143917828,3.8074387081,1.2437648001\N,-2.95336 
 51941,2.0712091771,0.0911181233\C,-2.4969526554,2.776030499,-1.1562017 
 524\H,-1.4525466974,2.5545371354,-1.3431323046\H,-2.607698932,3.852469 
 3296,-0.9931986706\C,-3.4334171251,2.2699687271,-2.2635787641\H,-3.640 
 9904702,3.0664552977,-2.9821217296\H,-2.9668064383,1.4496499686,-2.814 
 4537016\C,-4.4452851506,2.1113810312,-0.0477133315\H,-4.7733176969,3.1 
 306860067,0.1943469491\H,-4.9120727722,1.4238780071,0.6564419541\C,-4. 
 7114016133,1.7923536148,-1.5222298038\H,-5.6159017707,2.2955385508,-1. 
 872410126\H,-4.8637660643,0.7192087469,-1.6650151779\N,2.0182479913,2. 
 4417238261,-0.7091889326\H,1.3960359164,1.8545506772,-1.2642256401\C,1 
 .6120824474,4.7105719318,-1.7521093082\C,1.5798112317,6.1984999801,-1. 
 3463520338\H,1.6369021517,6.8287185787,-2.2414561066\H,2.4394864016,6. 
 449529975,-0.7138484967\H,0.6697426638,6.4464363892,-0.7999882393\C,2. 
 9299613238,4.4531522987,-2.5101159289\H,3.0128524218,5.1557671511,-3.3 
 46545259\H,3.801454429,4.5924412635,-1.8639096488\H,2.9772243267,3.441 
 5469957,-2.924274222\C,0.4322398276,4.3993984956,-2.6907218074\H,0.399 
 7692563,3.3388580101,-2.9684722511\H,0.5319608647,4.969773858,-3.62098 
 9623\H,-0.522364105,4.6713356533,-2.2350129467\C,3.1636488621,1.866328 
 9302,-0.2490795721\N,3.1737422165,0.5062635893,-0.4838494988\H,2.24761 
 10005,0.0797857559,-0.5287896851\C,4.2403819742,-0.3965938496,-0.34175 
 52009\C,6.2899312329,-2.3152976797,-0.1280090064\C,3.9553573467,-1.693 
 2566154,0.1016063306\C,5.5571615537,-0.0681306227,-0.6995630064\C,6.56 
 33932532,-1.0221340385,-0.5799455952\C,4.9775344172,-2.6400356314,0.20 
 25604778\H,2.9384050722,-1.9585591098,0.3727673971\H,5.788071393,0.920 
 7507503,-1.0687417489\H,7.0797282436,-3.0504949219,-0.0424792184\C,-4. 
 2191726716,-0.9725574426,1.5579297777\N,-5.5153444315,-0.8721738976,1. 
 036599587\C,-5.6974193112,-1.6795220602,0.0356428924\S,-4.3776420247,- 
 2.7312214149,-0.4767541984\C,-3.3749015859,-2.1240196442,0.9638338679\ 
 O,-3.790968058,-0.2415045074,2.4321259138\H,-2.489200297,0.8181539741, 
 -0.011332473\C,-3.3407151614,-3.229846202,2.0431999243\H,-2.8221661639 
 ,-2.8502318759,2.9293490942\H,-2.8218457333,-4.1197577077,1.6847225718 
 \H,-4.3547869316,-3.5154947334,2.3365366025\C,-6.9747908073,-1.7579287 
 939,-0.6970138695\C,-9.2856388022,-1.9908596759,-2.1212315831\C,-8.084 
 4437732,-1.0070422473,-0.2917605163\C,-9.263279865,-1.1327143207,-1.02 
 36405827\C,-8.1216160372,-2.6961995505,-2.446394984\H,-8.0084293327,-0 
 .3568215524,0.5717399776\H,-10.1478659924,-0.5708827152,-0.7406062269\ 
 H,-8.1052144742,-3.3742556307,-3.2964340011\H,-10.1833868498,-2.118837 
 0265,-2.7169367286\C,-1.932594415,-1.648563573,0.6036580254\C,-1.88527 
 97017,-0.4680884166,-0.3852513119\N,-0.549129281,-0.0645888474,-0.6602 
 257239\O,0.3292778845,-0.2019290096,0.2308734328\O,-0.2730672322,0.493 
 8390202,-1.7466659132\H,-2.3717483807,-0.652056211,-1.3429587067\H,-1. 
 5394108531,-1.2923112662,1.5601946977\C,-1.0456986675,-2.8174755834,0. 
 1600796269\C,-0.1243014948,-3.3739316886,1.0580425042\C,-1.1161172369, 
 -3.3515125819,-1.1350485018\C,0.6987258858,-4.4355646283,0.6798860104\ 
 H,-0.0425762834,-2.9617675578,2.0602265891\C,-0.2974934759,-4.41678220 
 45,-1.5155289312\H,-1.8023353034,-2.9288059808,-1.8627591987\C,0.61478 
 26304,-4.9605620004,-0.6109903677\H,1.4197258576,-4.8363597462,1.38455 
 65674\H,-0.3678555149,-4.8134084915,-2.5243409381\H,1.2636529383,-5.77 
 80073965,-0.9099938065\C,7.9844998754,-0.6451576457,-0.9047759394\C,4. 
 6328709301,-4.0335525195,0.6531904815\F,8.0527753275,0.3619497269,-1.8 
 021174016\F,8.6611464071,-0.2388188867,0.1950356111\F,8.6752491924,-1. 
 6896746665,-1.4190748967\F,3.8553816676,-4.0238158533,1.7645299979\F,3 
 .938596776,-4.7132662936,-0.2923733846\F,5.7278264283,-4.7681620947,0. 
 9405141792\S,4.3857613068,2.7100767013,0.5553757723\N,-6.9884074931,-2 
 .588023179,-1.7534303018\\Version=ES64L-G09RevD.01\State=1-A\HF=-3710. 
 8375027\RMSD=4.463e-09\RMSF=1.310e-06\Dipole=-7.1561926,-1.0594188,-1. 
 2302585\Quadrupole=21.5025381,-18.5386161,-2.963922,-5.4132273,13.8453 
 829,-2.3033073\PG=C01 [X(C42H51F6N7O4S2)]\\@ 
 
int2’A-R,R 
 1\1\GINC-R2461\FOpt\RB3LYP\6-31G(d,p)\C42H51F6N7O4S2\ROOT\13-Mar-2016\ 
 0\\# freq=noraman b3lyp/6-31g(d,p) opt=maxcyc=200 scf=maxcyc=200 scrf= 
 (smd,solvent=toluene) iop(1/8=1)\\Conjugate addition-protonation produ 
 ct conf. 1: R(elec),R(nuc) (tol opt; cat III)\\0,1\C,-3.402912635,-1.5 
 754347151,1.0133751139\O,-4.3062359998,-2.2476391766,1.512422864\C,-2. 
 451760219,-0.7795495548,1.9491885297\H,-2.1826604738,-1.4905608918,2.7 
 32527785\N,-3.1690745474,-1.461865356,-0.3155553078\H,-2.378173639,-0. 
 8982389746,-0.5849131666\C,-3.9681308765,-1.9966020314,-1.4331515731\H 
A8-20 
 
 ,-3.6504217087,-1.388313137,-2.2875148737\C,-3.5950306915,-3.472580153 
 3,-1.8259710359\C,-2.0602764525,-3.5891117982,-1.9113709724\H,-1.58782 
 95269,-3.4422709087,-0.9369133204\H,-1.6389953141,-2.85369347,-2.60899 
 64205\H,-1.7751700445,-4.5834809964,-2.2721119016\C,-4.1238945783,-4.5 
 096833877,-0.817621334\H,-3.7661679219,-4.3104028782,0.1944993863\H,-3 
 .7939150154,-5.5142003003,-1.1077891606\H,-5.2183300092,-4.5229765822, 
 -0.7840860051\C,-4.1697533992,-3.7841621629,-3.2248885893\H,-5.2634584 
 43,-3.806270664,-3.2359198753\H,-3.8235112502,-4.7679842115,-3.5605536 
 056\H,-3.8409645151,-3.0488287211,-3.9695282228\C,-5.4746309787,-1.749 
 0244003,-1.2262035331\H,-6.0205768717,-2.2100298168,-2.0688592594\H,-5 
 .7924819521,-2.2460903744,-0.3093011419\N,-5.8178222614,-0.3341601731, 
 -1.1085454687\C,-7.2143732956,-0.1234132511,-0.7128845267\H,-7.3744780 
 784,-0.4512057734,0.3191667713\H,-7.9068610093,-0.70114722,-1.35760336 
 61\C,-7.4350785952,1.3832475589,-0.9209842854\H,-8.4707037873,1.605045 
 7636,-1.1938684866\H,-7.2140706406,1.9320966394,-0.0010658106\C,-5.662 
 2780942,0.456129082,-2.3351680585\H,-6.1166342587,-0.0623908296,-3.203 
 3408942\H,-4.6076627238,0.6276617711,-2.5691820766\C,-6.4245653325,1.7 
 636187381,-2.0395020254\H,-6.9170781006,2.145200958,-2.938408812\H,-5. 
 7392879998,2.5420983144,-1.6912303315\N,-1.195187167,-0.3925605776,1.3 
 03891243\H,-1.1962417494,0.4759853664,0.7804484692\C,-3.14464329,0.455 
 9343395,2.6354853078\C,-4.3108243221,-0.0271851594,3.5203289669\H,-4.7 
 502132241,0.8304405745,4.0425586241\H,-3.9655502885,-0.739554896,4.277 
 2538034\H,-5.0906388667,-0.5182374971,2.9378039346\C,-2.1167754003,1.1 
 598870569,3.5447488164\H,-2.6053114592,1.967807339,4.1003403854\H,-1.6 
 868940306,0.4653113569,4.2746298818\H,-1.2906476176,1.6038190231,2.980 
 3519265\C,-3.6837909532,1.4543097747,1.5927706464\H,-2.8839491502,1.88 
 57009326,0.9793474305\H,-4.1806081278,2.289453789,2.0994710528\H,-4.40 
 53921923,0.988594002,0.9139115858\C,-0.0036642192,-1.0356969957,1.4542 
 164512\N,1.0443778354,-0.3396524825,0.8927868701\H,0.8790864222,0.6417 
 325378,0.6784436714\C,2.398615287,-0.7092539622,0.7739316721\C,5.13681 
 92413,-1.2818222947,0.4587267371\C,3.3559463673,0.3074853446,0.8909278 
 195\C,2.816731306,-2.0152712301,0.4808315005\C,4.1761601974,-2.2872122 
 066,0.3386039089\C,4.7099416655,0.0171653356,0.7254436572\H,3.04079221 
 25,1.3212713431,1.1103388423\H,2.0897843063,-2.8075918972,0.3784975745 
 \H,6.1906395556,-1.5084002945,0.353694013\C,1.6920485433,3.1736696452, 
 -0.8750319033\N,2.9529705175,3.6938242661,-0.6510921405\C,3.4138340348 
 ,4.3207145993,-1.6976021682\S,2.4285854449,4.4045675855,-3.1505165074\ 
 C,1.1204301585,3.4036030227,-2.2986504437\O,1.0669764762,2.53347238,-0 
 .0339908094\H,-2.2442996215,4.1731579991,-1.4967527358\C,1.0238136621, 
 2.0244153931,-2.9868668687\H,0.419541982,1.3406867033,-2.3865348369\H, 
 2.0171116517,1.5794731721,-3.0856893073\H,0.5870180167,2.1087918065,-3 
 .9849436446\C,4.7355611254,4.9638117958,-1.722975032\C,7.1555673126,6. 
 1957759197,-1.8968318989\C,5.5874778557,4.9086321371,-0.6141269258\C,6 
 .8245755803,5.5432820682,-0.711697272\H,5.2826769072,4.3760520693,0.27 
 7624474\H,7.5170127389,5.5248467033,0.1238559534\H,8.1087813092,6.7007 
 503041,-2.013502001\C,-0.240750392,4.1936209498,-2.3046941807\C,-1.380 
 2711563,3.5059074676,-1.5220966123\N,-1.9064240521,2.2541908664,-2.178 
 7838835\O,-2.2680158863,2.3276345748,-3.3466313234\O,-1.9784604376,1.2 
 343187799,-1.4883214321\H,-1.0914997935,3.2198964702,-0.5159691104\H,- 
 0.5628840804,4.2371353921,-3.3496507089\C,-0.1328213456,5.6315217891,- 
 1.7965795993\C,-0.3397936035,6.6928354968,-2.6883917104\C,0.1285461099 
 ,5.9269543571,-0.4498521819\C,-0.274383555,8.0159771618,-2.2530569673\ 
 H,-0.5488494618,6.4802312946,-3.733562222\C,0.1954726278,7.2515290905, 
 -0.0142920168\H,0.2781694557,5.1301449375,0.2718501905\C,-0.0043650346 
 ,8.2992069785,-0.9134308553\H,-0.4340173117,8.8236820674,-2.9612282656 
 \H,0.401026954,7.4611302655,1.0312496263\H,0.0468836306,9.3288687008,- 
 0.5722258603\C,4.6211755244,-3.6791270133,-0.0255478245\C,5.7145713669 
 ,1.1342155403,0.7824417395\F,3.7384661288,-4.6202051009,0.3649366075\F 
 ,5.8152793601,-3.9844250632,0.5319128059\F,4.7756281962,-3.8172115703, 
 -1.366383565\F,5.8862952015,1.7158154807,-0.4324560078\F,5.3376099172, 
 2.1215613798,1.6297751322\F,6.9323562534,0.7068761021,1.1808506136\S,0 
 .1548735388,-2.5091633975,2.2635831013\N,5.047573852,5.5884591609,-2.8 
 718462287\C,6.2331097206,6.1891268591,-2.9504436229\H,6.4625034794,6.6 
 865178745,-3.8897633708\\Version=ES64L-G09RevE.01\State=1-A\HF=-3710.8 
 600045\RMSD=6.700e-09\RMSF=1.885e-06\Dipole=1.4688658,6.2017479,-2.451 
 0913\Quadrupole=11.7116175,0.7629992,-12.4746167,15.7469216,2.5435149, 
 11.6560419\PG=C01 [X(C42H51F6N7O4S2)]\\@ 
 
int2’A-S,S 
 1\1\GINC-R3432\FOpt\RB3LYP\6-31G(d,p)\C42H51F6N7O4S2\ROOT\07-Mar-2016\ 
 0\\# freq=noraman b3lyp/6-31g(d,p) opt=maxcyc=200 scf=maxcyc=200 scrf= 
 (smd,solvent=toluene)\\Conjugate addition-protonation product conf. 2: 
  S(elec),S(nuc) (tol opt; cat III)\\0,1\C,0.4562490917,-4.235874325,-0 
 .3624831532\O,1.2261175969,-5.1955527697,-0.3394156422\C,-0.8170112026 
 ,-4.2509286892,-1.2663807798\H,-1.5509656846,-4.8556280504,-0.72288614 
 37\N,0.610708188,-3.1190774775,0.3973000042\H,-0.1358729303,-2.4437752 
 037,0.3334856184\C,1.5813717339,-2.8638981411,1.482973781\H,1.52815273 
 05,-1.7791811868,1.6278519675\C,1.1384291001,-3.48365874,2.8607514342\ 
 C,-0.3143508829,-3.051900926,3.1474151083\H,-1.0165363881,-3.453262800 
A8-21 
 
 5,2.4108575219\H,-0.4154096865,-1.959424583,3.1549713877\H,-0.63056191 
 22,-3.4165545712,4.1305597892\C,1.2203002369,-5.0214562359,2.885714413 
 9\H,0.5753219643,-5.480952194,2.1337412864\H,0.9082422694,-5.392612915 
 6,3.8692625275\H,2.2389500134,-5.3800040711,2.7078381748\C,2.031546587 
 7,-2.910744309,3.9843693956\H,3.0433731194,-3.3283007969,3.969620286\H 
 ,1.6015882903,-3.156328727,4.9617604454\H,2.1179051003,-1.8201967211,3 
 .9222313848\C,3.040624769,-3.155828624,1.0897371021\H,3.6364391119,-3. 
 0007389965,1.9911054375\H,3.1592275888,-4.2043571087,0.7883596612\N,3. 
 5856260706,-2.2475124751,0.06366008\C,3.4110082057,-2.706957693,-1.327 
 084712\H,2.3775836981,-2.5809426093,-1.6499727288\H,3.6614211249,-3.77 
 8475049,-1.4174380637\C,4.3992039012,-1.8554827402,-2.1440294012\H,4.8 
 15671362,-2.4278763524,-2.9774284391\H,3.8983862076,-0.9831239012,-2.5 
 741261266\C,5.0459710398,-2.0893849465,0.1972506798\H,5.5422864125,-3. 
 0720241681,0.3044030886\H,5.2827733677,-1.4982270347,1.0876383534\C,5. 
 4827620121,-1.4238067675,-1.1175995638\H,6.488749382,-1.7387201591,-1. 
 4088969023\H,5.5034263006,-0.3348722798,-1.016262952\N,-1.4137723937,- 
 2.9192558515,-1.3596821439\H,-0.8857010764,-2.222713239,-1.8760872026\ 
 C,-0.618996142,-4.9197088142,-2.6784308489\C,-0.4266379868,-6.44054664 
 76,-2.5067139292\H,-0.32783456,-6.9146211901,-3.4900722132\H,-1.295229 
 518,-6.8897977234,-2.0108909162\H,0.4589684151,-6.6677988429,-1.914151 
 0099\C,-1.8896469702,-4.6970161359,-3.5239013847\H,-1.8014681324,-5.24 
 97440407,-4.4655338748\H,-2.7861790749,-5.0541938384,-3.0081448621\H,- 
 2.0441613877,-3.6435218606,-3.7765656026\C,0.5892796376,-4.3221739855, 
 -3.4223223688\H,0.495047892,-3.236998652,-3.5556330853\H,0.668453899,- 
 4.7583866234,-4.4242671416\H,1.5235296404,-4.5269612426,-2.8944928246\ 
 C,-2.656588384,-2.5612831397,-0.9288730361\N,-2.8633296737,-1.20268361 
 65,-1.059784425\H,-2.010850585,-0.6483830376,-1.0791950503\C,-4.022515 
 689,-0.4597440211,-0.7640627051\C,-6.2503223273,1.158530254,-0.1925290 
 649\C,-3.8598813186,0.7687156086,-0.1125003398\C,-5.3054934097,-0.8704 
 044867,-1.1467886003\C,-6.4026733208,-0.0622122806,-0.8507752703\C,-4. 
 9668103217,1.5682044401,0.1655775889\H,-2.8689114859,1.0893619181,0.18 
 82046523\H,-5.4447742151,-1.8112567804,-1.6602950622\H,-7.1126096768,1 
 .7699924499,0.0431327439\C,3.2490979081,1.4063523821,2.3074692424\N,4. 
 6416874899,1.2728310043,2.3084485651\C,5.205795465,2.0715151003,1.4573 
 022162\S,4.2000475198,3.1564267064,0.4839561256\C,2.7105665171,2.56316 
 857,1.4133120283\O,2.4961200071,0.7142135607,2.9639588327\H,2.56584364 
 53,0.1163051717,0.0830578856\C,2.2210243438,3.6745152038,2.3635276779\ 
 H,1.4002671134,3.2902529058,2.9773237741\H,1.8690504483,4.5458350721,1 
 .8087387964\H,3.0268209963,3.9919809136,3.0308968601\C,6.665316579,2.1 
 300533843,1.2608971716\C,9.3441629075,2.3297429458,0.8121517118\C,7.52 
 81074429,1.3407588226,2.0300712205\C,8.8972629119,1.4487297538,1.79489 
 50709\C,8.399702892,3.0740527201,0.096359483\H,7.1219803126,0.67483362 
 77,2.7824274514\H,9.6014299734,0.8555770307,2.3697541947\H,8.714558039 
 4,3.7702328737,-0.6773390114\H,10.4016660867,2.4447238356,0.5985577196 
 \C,1.5415502429,2.0405575596,0.5209632554\C,1.9866569512,0.9065005807, 
 -0.4158401456\N,0.7934514532,0.1608953464,-0.9616750981\O,-0.166329421 
 5,-0.0310190888,-0.2066846444\O,0.8464180863,-0.256190885,-2.112387263 
 \H,2.5360201287,1.2423742617,-1.2928026276\H,0.8607191455,1.5881637087 
 ,1.2479068517\C,0.7770337068,3.1289146177,-0.2274143493\C,-0.515045535 
 2,3.4776939201,0.1901272078\C,1.3202945998,3.7916776606,-1.3391694206\ 
 C,-1.2456157595,4.4613834715,-0.4788861871\H,-0.9576900477,2.973885359 
 ,1.0447626039\C,0.5946229574,4.7797861245,-2.00544282\H,2.3146044692,3 
 .5410389373,-1.6974509079\C,-0.690691282,5.1166882903,-1.5782564863\H, 
 -2.2498152031,4.7023598198,-0.1468300984\H,1.0338399016,5.2821277174,- 
 2.862393671\H,-1.257340788,5.8811673047,-2.1015726758\C,-7.7718064909, 
 -0.48356942,-1.31658237\C,-4.7751581921,2.9021545891,0.8337772297\F,-8 
 .0272989463,-0.0394924816,-2.5719914176\F,-7.9110553003,-1.8250747085, 
 -1.3421794329\F,-8.7481413621,0.0120157998,-0.5238660724\F,-3.63431040 
 22,2.9498695914,1.5632770513\F,-4.6949768654,3.9132047726,-0.069848979 
 8\F,-5.7956977949,3.2055709472,1.6619790054\S,-3.774119613,-3.63523732 
 88,-0.2667245524\N,7.0877730379,2.9816976672,0.3113626551\\Version=ES6 
 4L-G09RevD.01\State=1-A\HF=-3710.8615141\RMSD=2.730e-09\RMSF=6.706e-06 
 \Dipole=5.4335346,3.2491989,-0.4477604\Quadrupole=24.9850364,-19.40095 
 46,-5.5840818,3.3260841,3.5229255,-0.877588\PG=C01 [X(C42H51F6N7O4S2)] 
 \\@ 
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Termination Mechanism of the Radical Polymerization of 
Acrylates 
Ab initio molecular dynamics and density functional theory (DFT) calculations were carried with 
Gaussian 09 computational suite1. Molecular dynamics simulation was carried in Atom‐centered 
Density Matrix Propagation (ADMP) formalism2‐4 and DFT optimization of equilibrium structures 
at M115/6‐31+G(d,p)6, 7 level of theory.  
Molecular dynamics  trajectories were propagated based on equilibrium structure of a caged 
triplet  terminal  radical  fragment  complex,  32a‐cpx.  This  geometry where  the  SOMOs of  the 
fragments  are  orthogonal  allows  optimal mixing  of  the  triplet  and  singlet  electronic  states, 
thereby intersystem crossing to occur. Initial nuclear kinetic energies were set with the equation 
1.5(N‐1)kT*1e6/(J to au) to simulate the thermal conditions at 25°C and 120°C. All trajectories 
were run independently with the I/O option 1/44=‐1 invoked to generate a random seed such 
that each runs were unique due to randomized atomic velocities. All runs ended about 200 fs 
via either the disproportionation or combination termination process.  
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Figure S1. Typical energy profile of the trajectory and snapshots showing O‐Cipso combination 
termination.  
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Figure S2. Typical energy profile of the trajectory and snapshots showing disproportionation 
termination.  
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32a‐cpx 
 
E(M11)= ‐692.3928171060 
Thermal corrections to Gibbs free energy= 0.2192660 
 
C ‐0.8485334166  2.1476234554  2.3237706613 
H ‐1.4831703797  1.2506234769  2.3609657015 
H ‐1.1800643131  2.7956322424  3.1560478558 
C ‐1.0999503401  2.8611883288  1.0453102115 
C  0.6330791258  1.7982788307  2.5341985102 
H ‐0.4461113732  3.6649623727  0.7104098361 
C ‐2.1937621695  2.4822140777  0.1769341519 
H  0.7941793647  1.3792838442  3.5359717216 
H  1.2662533236  2.6899219445  2.4257408531 
H  0.9721486239  1.0624453445  1.7935342675 
O ‐2.9567597471  1.5427741661  0.3709784251 
O ‐2.3059566123  3.2878487929 ‐0.9048688346 
C ‐3.4003791588  2.9899285412 ‐1.7732803261 
H ‐4.3485371816  3.0495254753 ‐1.2230776672 
H ‐3.2956957555  1.9784360658 ‐2.1872256607 
H ‐3.364509186  3.7387761227 ‐2.5698503929 
H ‐0.4990440786 ‐1.4904103041 ‐0.3309876684 
C ‐0.2883394614 ‐0.4507973023 ‐0.6124595092 
H ‐0.5724162868  0.1927072452  0.2356351804 
C  1.1605829076 ‐0.2855181681 ‐0.9003591367 
C ‐1.1597342877 ‐0.0414971349 ‐1.820330754 
H  1.8125927663 ‐1.1274624573 ‐1.1283450339 
C  1.7315767863  1.0461119842 ‐0.9801292589 
H ‐2.2200527772 ‐0.1643113451 ‐1.5653123273 
H ‐0.9777423854  1.01472656 ‐2.06643131 
H ‐0.9286546049 ‐0.6543320492 ‐2.7021213963 
O  3.0408358161  1.0410846339 ‐1.3166411946 
O  1.1149150741  2.0811825218 ‐0.7650273573 
C  3.6485627956  2.3333343577 ‐1.4015833224 
H  4.6893512251  2.1578975442 ‐1.6878329779 
H  3.5911823232  2.8419802461 ‐0.4305207551 
H  3.1331533834  2.9448405861 ‐2.153112493 
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Disproportionation products 
 
E(M11)= ‐692.4766763780 
Thermal corrections to Gibbs free energy= 0.2221760 
 
C ‐0.7482302531  2.2978177191  0.2409508807 
H ‐1.1486675303  2.6364625892  1.2074942887 
H ‐1.2638896548  2.8932662859 ‐0.5253346427 
C ‐1.096123617  0.8247885672  0.0418781486 
C  0.7608542944  2.5298354947  0.1699086879 
H ‐0.6814792053  0.4410571095 ‐0.9052566503 
C ‐2.5860186923  0.5858393436  0.0349985634 
H  1.0100764086  3.587670506  0.3277721483 
H  1.1497341307  2.2231164688 ‐0.8116014558 
H  1.2902051801  1.9412767231  0.9367270498 
O ‐3.4413881329  1.4420822942  0.0747204165 
O ‐2.8906263526 ‐0.7288283812 ‐0.0254552799 
C ‐4.2918797427 ‐1.0290111267 ‐0.0520901989 
H ‐4.7599953336 ‐0.5629092978 ‐0.9279167522 
H ‐4.7756032627 ‐0.6470984185  0.8554710112 
H ‐4.3655982865 ‐2.1190516265 ‐0.104419087 
H  0.466403402 ‐2.9674691224  1.5529028291 
C  0.780492667 ‐2.3483571584  0.7058176333 
H ‐0.6539417162  0.1943767338  0.8296900868 
C  1.7817824075 ‐1.4913528527  0.9474326209 
C  0.0278267007 ‐2.5720785268 ‐0.5695406349 
H  2.2482914182 ‐1.4509960675  1.9317407417 
C  2.3617528932 ‐0.5647922304 ‐0.0539442128 
H ‐0.9981081852 ‐2.1873667918 ‐0.4557467987 
H  0.4962429766 ‐2.0741068821 ‐1.4222633233 
H ‐0.053686521 ‐3.650843703 ‐0.7637550534 
O  3.4637555591  0.0340621727  0.43901562 
O  1.9439288175 ‐0.3298939349 ‐1.171717966 
C  4.1235464352  0.9417509888 ‐0.4507145866 
H  5.0122374382  1.2903007613  0.0825552736 
H  3.4601437922  1.7819630005 ‐0.6916197143 
H  4.399332965  0.4253263623 ‐1.3785286435 
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O‐Cipso combination product 
 
E(M11)= ‐692.4456356790 
Thermal corrections to Gibbs free energy= 0.2280430 
 
C ‐1.2966748888  1.1152026483  1.3364753577 
H ‐0.3524483933  1.0127083702  1.892990133 
H ‐1.9596054958  0.2935352272  1.6422355332 
C ‐0.9676705016  0.940671108 ‐0.1391269025 
C ‐1.945652328  2.4690903844  1.6299203329 
H ‐0.4271494012  1.8212247433 ‐0.5290849429 
C ‐2.2172475891  0.7424714853 ‐0.9953323716 
H ‐2.1347185626  2.5832636042  2.7047110909 
H ‐2.9064532242  2.5647248703  1.1078248131 
H ‐1.2925537482  3.2967958975  1.3165372017 
O ‐3.3440837721  0.6346669434 ‐0.5698099408 
O ‐1.9164342418  0.7034527846 ‐2.2998520156 
C ‐3.0282139919  0.4714716694 ‐3.1769282694 
H ‐3.7677559603  1.2736953214 ‐3.0638179168 
H ‐3.4989703021 ‐0.4888884015 ‐2.9338732124 
H ‐2.6148915781  0.4593254246 ‐4.1889514266 
H  1.2984182381 ‐1.4487439317  2.8172227337 
C  1.127264009 ‐1.7591469357  1.7736515535 
H  0.0425446379 ‐1.730269523  1.6028135478 
C  1.7984215767 ‐0.779798017  0.8513873246 
C  1.6522946351 ‐3.188312506  1.580449499 
H  2.8773875883 ‐0.6321319442  0.9227215861 
C  1.1648900155 ‐0.0654796011 ‐0.0772914739 
H  1.1765366241 ‐3.8847199369  2.2840280154 
H  1.450146618 ‐3.538854322  0.5594662594 
H  2.7388345624 ‐3.2338670244  1.7418073392 
O  1.784700138  0.8982330765 ‐0.8171013778 
O ‐0.1679850596 ‐0.2316239376 ‐0.3623665037 
C  1.6224280206  0.7513290219 ‐2.2328644057 
H  2.1754309957  1.5771105232 ‐2.6917387973 
H  0.5611464022  0.7992680825 ‐2.5157050247 
H  2.046064977 ‐0.210405105 ‐2.5603977395 
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Cipso ‐Cipso combination product 
 
E(M11)= ‐692.5076403640 
Thermal corrections to Gibbs free energy= 0.2317980 
 
C ‐1.4039784425  1.597144506  1.1009294953 
H ‐1.0945121663  2.1621721364  0.2108636815 
H ‐0.9764937834  2.1077304674  1.9773733647 
C ‐0.7925235655  0.1953827389  1.0267347386 
C ‐2.929627404  1.5655325657  1.2043510989 
H ‐1.1152469391 ‐0.4097527973  1.8879772808 
C ‐1.2428039039 ‐0.5189815951 ‐0.237973282 
H ‐3.3377716857  2.579529554  1.3058122584 
H ‐3.2568576958  0.9834977644  2.0788152525 
H ‐3.3719314212  1.116360121  0.3049925102 
O ‐1.5411879092  0.0429770745 ‐1.271678313 
O ‐1.1818202584 ‐1.8510062175 ‐0.1228581111 
C ‐1.3445179735 ‐2.5741651272 ‐1.3533952433 
H ‐0.5496565717 ‐2.2770557828 ‐2.0497456913 
H ‐2.3238775569 ‐2.3520610788 ‐1.7939773068 
H ‐1.2625278454 ‐3.6324680717 ‐1.0914796727 
H  0.9361891003 ‐1.1874282585  2.6531841309 
C  1.3805910461 ‐1.0515710056  1.6553614737 
H  1.084707334 ‐1.9164582032  1.0457122618 
C  0.7753233038  0.2117673814  1.0373755578 
C  2.9043238772 ‐0.9772373214  1.7651212426 
H  1.085431553  1.1026790323  1.6049941759 
C  1.2495917565  0.3862323069 ‐0.3968946927 
H  3.3071949668 ‐1.8728465478  2.2556776116 
H  3.3637038997 ‐0.9067813151  0.7700111571 
H  3.218287755 ‐0.1025979721  2.3541495525 
O  1.1913396928  1.6598763289 ‐0.8039300274 
O  1.5634761949 ‐0.5291018575 ‐1.1296987721 
C  1.377267488  1.8545868649 ‐2.2150097406 
H  1.2941561166  2.931902147 ‐2.3817774325 
H  0.5934491756  1.3095672071 ‐2.7568220263 
H  2.3633048621  1.4836799548 ‐2.5195565333 
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RAFT-based Polystyrene and Polyacrylate Melts under 
Thermal and Mechanical Stress 
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Cartesian Coordinates  
Starting material - trithiocarbonate styryl monomer  
C 0.0000337538 -0.0004845607 0.1694586329  
S -0.0000918894 -0.0022431995 1.81258102  
S -1.4191173875 -0.0054167285 -0.8718046992  
S 1.4193665758 0.0066433526 -0.8715433719  
C -2.82573222 -0.2412914091 0.2875152616  
H -2.6469239899 0.4451906275 1.1216733198  
C 2.8257356111 0.2404254551 0.288511335  
H 2.6468702737 -0.4477453046 1.1212646876  
C 2.9022201311 1.6770853101 0.8163001613  
H 1.9257894628 1.9616603596 1.216744543  
H 3.1226424722 2.352262122 -0.0174821682  
C -2.9025606913 -1.6790051157 0.8124109534  
H -1.9262071617 -1.964656588 1.2122714972  
C 3.9672797956 1.8015000487 1.9029204798  
H 4.9542459492 1.5207806646 1.5237705717  
H 4.0242142412 2.8269792771 2.2752646037  
H 3.7289416626 1.1486395536 2.7486780153  
H -3.1231851543 -2.3524149395 -0.0227484106  
C -3.9676390646 -1.8053270871 1.8987912232  
H -4.9545192795 -1.5234836336 1.5202526969  
H -4.0249127284 -2.8315609057 2.2689984745  
H -3.7290522336 -1.1543134591 2.7459016223  
C 4.069445991 -0.1751458647 -0.4672043917  
C 4.8378324763 -1.2572072204 -0.0365996682  
C 4.4753801242 0.5335401065 -1.6025063139  
C 5.9937421678 -1.6215270947 -0.7228305978  
H 4.5283581892 -1.8150989196 0.8430439077  
C 5.6251001608 0.1667814124 -2.2926642765  
H 3.8814225094 1.3743234279 -1.9523076603  
C 6.3889474793 -0.9114550348 -1.852631426  
H 6.5838367583 -2.463541052 -0.3753968102  
H 5.9246471189 0.7231328192 -3.1749495074  
H 7.2874078189 -1.1976350346 -2.3896369507  
C -4.0692838305 0.1759047831 -0.4675628966  
C -4.837858758 1.2569267575 -0.0346948426  
C -4.4749756385 -0.5303443381 -1.6044671457  
C -5.993707917 1.6226214294 -0.7203023515  
H -4.5285862804 1.8129155038 0.8462239384  
C -5.6246214396 -0.162191087 -2.2940034655  
H -3.8808810762 -1.3703135973 -1.9559948639  
C -6.3886497251 0.9149989347 -1.8517275866  
H -6.583959361 2.4637945652 -0.3711019393 
H -5.923978234 -0.7166477953 -3.177544781  
H -7.2870615729 1.2022513891 -2.3882420698 
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Chugaev TS - trithiocarbonate styryl monomer  
C 2.9668143758 0.5264697306 -0.914524585  
S 1.2464326992 0.1278816603 2.1943216099  
C 0.2003941907 -0.1512585445 0.868112434  
S -0.9413107253 -1.4626213209 1.1498602765  
C -2.0577875082 -1.4846536649 -0.318218306  
S 0.3545485529 0.7180611284 -0.5521578285  
H -1.7852061133 -0.5928563253 -0.8930533095  
C 3.4340334202 -0.198704995 0.1937251677  
H 2.5724462657 -0.0268524325 -1.7654251508  
H 2.5584237792 0.0875965523 1.0883350953  
H 4.2844776666 0.2503032771 0.7106339528  
C 3.4063401724 -1.713713379 0.1383856813  
H 2.4436391087 -2.0542878754 -0.2559323085  
H 3.5258819603 -2.1418638628 1.1354649463  
H 4.199203683 -2.1059604318 -0.5048211557  
C -1.7980838495 -2.7238682045 -1.1802300656  
H -1.873955855 -3.6284798034 -0.565816643  
H -2.6016101148 -2.7793413702 -1.9247555196  
C -0.443339724 -2.6906769506 -1.878954166  
H 0.3677961248 -2.6412101176 -1.1456879922  
H -0.3607742414 -1.8146041899 -2.5282193247  
H -0.2965382094 -3.5875167703 -2.485804705  
H 3.3358584644 4.2070475386 -3.671971748  
C 3.4040950361 3.8117439085 -2.6639134194  
C 3.5689143566 2.7985664337 -0.069515373  
C 3.1302887398 2.4710234068 -2.4245835886  
C 3.7562516966 4.6474410272 -1.6069369586  
C 3.8300911609 4.1396473017 -0.3097379494  
C 3.2277486966 1.9456186962 -1.1297534287  
H 2.8447718842 1.8164359592 -3.2437586667  
H 3.9617258472 5.6970846732 -1.7903546253  
H 4.082908558 4.7960462345 0.516298016  
H 3.5931476497 2.412873099 0.9455621326  
C -3.4831133558 -1.3334155725 0.1692208756  
C -6.1028307562 -0.9653154225 1.0947739346  
C -4.3323911495 -2.4259034317 0.3454298833  
C -3.9612160894 -0.0536339972 0.4685697327  
C -5.2596361873 0.1317914125 0.9247721952  
C -5.6351644469 -2.2422881979 0.805768005  
H -3.9840710488 -3.4289304257 0.1201361263  
H -3.2982489935 0.7998648745 0.3443850526 
H -5.6153980629 1.1323482215 1.14898041  
H -6.2844343119 -3.1023605473 0.9361114109  
H -7.1180799068 -0.8232883821 1.4508233193 
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Product - trithiocarbonate styryl monomer fragment 1  
S 1.2374863242 -1.5644860712 -1.9316748329  
C 0.2203973316 -0.7290372987 -0.7468591797  
S -0.9232010103 0.2900600478 -1.5967657288  
C -2.017986743 0.902681101 -0.2561870455  
S 0.3741371508 -0.9048680549 0.87106387  
H -1.3516307451 1.1864865433 0.5651119068  
H 2.0002743584 -2.1619776498 -1.0047345348  
C -2.7459780853 2.1503729303 -0.7817958225  
H -3.3162074862 1.889779651 -1.6818306564  
H -3.4877856845 2.4120637088 -0.019398296  
C -1.8296785002 3.3408124821 -1.048871517  
H -1.1117497823 3.1286307297 -1.8449622722  
H -1.2638291408 3.6020077617 -0.1495072956  
H -2.4142800887 4.2148435619 -1.3452171897  
C -2.9862261732 -0.1560714878 0.2208830281  
C -4.8752094601 -1.9958575428 1.1554838831  
C -3.8463411154 -0.8021067389 -0.6706772583  
C -3.0805070422 -0.4430892651 1.5829763266  
C -4.0212016067 -1.3576604071 2.0490861059  
C -4.7848948188 -1.7166634592 -0.2067348979  
H -3.7701478161 -0.5962391164 -1.7354598477  
H -2.4015841711 0.0450409335 2.2764857807  
H -4.0807225651 -1.5756674066 3.1105621854  
H -5.4463196472 -2.2140452899 -0.9088499906  
H -5.6055404827 -2.7128626628 1.5164862787 
 
Product - trithiocarbonate styryl monomer fragment 2  
C 4.4140360813 -1.5116653289 0.5956402574  
C 4.0427660969 -0.4302296444 -0.0937761965  
H 4.0483875737 -1.6508869926 1.6123390707  
H 4.3922089781 -0.3277711551 -1.1217275952  
C 5.3088180124 -2.5865209569 0.0597725623  
H 6.2113980999 -2.6890812507 0.6718903632  
H 5.6153897395 -2.3702891582 -0.9665705657  
H 4.806247065 -3.5595782441 0.0703822265  
C 3.1682401477 0.6552938999 0.3843043766  
C 1.466618244 2.7371094486 1.2052555898  
C 2.8858627791 0.8588762719 1.7417760657  
C 2.5952033962 1.5279747065 -0.548015493 
C 1.7503031203 2.556648558 -0.1449017086  
C 2.0411589801 1.8844477641 2.1464752776  
H 3.3463442062 0.2192202022 2.4884519784  
H 2.8127361958 1.389084149 -1.6038131586  
H 1.3144318973 3.2185984696 -0.8866000414  
H 1.8371457809 2.0265522488 3.2031797903  
H 0.8102386056 3.5401810122 1.5242992006 
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Starting material - trithiocarbonate acrylate monomer  
C -0.0003862205 -0.0077955566 -0.0000363447  
S -0.0004130395 1.6297814947 -0.0001680927  
S 0.4302581668 -1.0532206669 1.3526445639  
S -0.4310384824 -1.0534416358 -1.3525443993  
C 0.9769039333 0.1489711635 2.6183865867  
H 0.2879400378 0.9965384387 2.5476524774  
C -0.9777157258 0.1485356195 -2.6184740187  
H -0.2888383544 0.996178277 -2.5477807663  
C -0.7683919774 -0.53654002 -3.9625672546  
O -1.6449474642 -1.054655328 -4.6072707637  
O 0.5133519069 -0.4924313777 -4.3398080194  
C 0.7987894783 -1.1514112038 -5.575782627  
H 1.8685422265 -1.0323017755 -5.7346518955  
C 0.7677441741 -0.5359932881 3.9625638054  
O 1.644395326 -1.0540004334 4.6072266647  
O -0.5139871135 -0.4920482746 4.3398669978  
C -0.7992792444 -1.1510491383 5.5758658843  
H -1.8690276512 -1.0320196134 5.7348225002  
C -2.4274895431 0.5783390036 -2.4225439528  
H -2.5541570334 0.896155856 -1.3839893052  
H -3.0690950182 -0.2905354506 -2.593466994  
C 2.4266262697 0.5788841942 2.4223083903  
H 2.5532205596 0.8965685495 1.3837057155  
H 0.5321165034 -2.2081328802 -5.510837582  
H 0.2322483458 -0.6929742534 -6.3887624472  
H -0.532535742 -2.2077513081 5.5109001774  
H -0.2327068846 -0.6925695578 6.3887998254  
C -2.8005748952 1.7155198262 -3.370477609  
H -2.7023463605 1.4021369911 -4.4131676127  
H -3.8357533006 2.0250583716 -3.2099799969  
H -2.1589779437 2.5863651794 -3.2038694259  
H 3.0683208197 -0.2899047735 2.5933205571  
C 2.799648878 1.7162339703 3.3700671919  
H 2.7014861369 1.4029945458 4.4128076194  
H 3.8347949804 2.0258400891 3.2094939992  
H 2.1579706215 2.5869992353 3.203355621 
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Chugaev TS - trithiocarbonate acrylate monomer  
C 2.5383497427 0.5812691884 -1.0299718539  
S 1.2180666401 0.1511065131 2.1563520598  
C 0.0932542606 0.0554157805 0.8796600264  
S -1.0159001177 -1.3093303097 1.0070140361  
C -2.1715430508 -1.1237214941 -0.4075632602  
S 0.2058225655 1.0933755047 -0.4261932724  
H -2.0209724603 -0.112088566 -0.7968761145  
C 3.2077690312 -0.0996742174 -0.0079356359  
H 2.0917904317 0.041456004 -1.8600841828  
H 2.4170282176 0.149731837 1.0234222593  
H 4.0533148913 0.4362498223 0.4256282238  
C 3.2732259497 -1.6127598622 -0.0372333338  
H 2.2897528791 -2.0321610743 -0.2711863961  
H 3.5814301008 -2.0101420849 0.9316643422  
H 3.9822144632 -1.961436759 -0.7936497664  
C 2.7996519666 2.0216870953 -1.317784521  
O 2.5102986662 2.5576938252 -2.3591723661  
O 3.3803737485 2.6415969216 -0.2834442252  
C 3.5866211862 4.0431454891 -0.468351336  
H 4.0422296595 4.3994725225 0.4532492868  
H 2.6306410192 4.5404316512 -0.6444770866  
H 4.2437684371 4.2215505699 -1.3217375924  
C -1.9445505322 -2.1818898928 -1.4854583985  
H -2.0306574045 -3.1726772607 -1.0289809526  
H -2.7726434802 -2.1030547012 -2.1988687874  
C -0.6134831716 -2.024511073 -2.2108132165  
H 0.2234861415 -2.0831440512 -1.506931769  
H -0.5549741026 -1.0593584059 -2.722003122  
H -0.4841692267 -2.8164676295 -2.9519784397  
C -3.5701609297 -1.2206255244 0.1767673872  
O -3.9492296289 -0.0639081524 0.7316205174  
C -5.2268283251 -0.0952972198 1.3701887346  
H -5.225242128 -0.826284499 2.1813640343  
H -6.004311 -0.3645544406 0.6526387216  
H -5.3895078566 0.9083839098 1.7578473717  
O -4.2510385435 -2.2151135365 0.1534005879 
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Product - trithiocarbonate acrylate monomer fragment 1  
S 0.9081128497 -0.9177869613 -2.6491461202  
C -0.0070081813 -0.739168806 -1.1457571095  
S -0.785906013 0.8284650715 -1.1262353298  
C -1.6190189933 0.829618428 0.4874984995 
S -0.0896396901 -1.8804855359 0.023235678  
H -0.8722824802 0.5854824403 1.248862  
H 1.3218590148 -2.1616321552 -2.3665404892  
C -2.1972371158 2.2297541358 0.7562305998  
H -2.9066348637 2.4872215241 -0.038981975  
H -2.7738295927 2.1386527617 1.6819635944  
C -1.1340313542 3.3135436074 0.9043187184  
H -0.5741659784 3.4647550451 -0.022104893  
H -0.4195830828 3.0489221892 1.6894047891  
H -1.5974900032 4.2646540977 1.1757900685  
C -2.7274494877 -0.2058601923 0.6441649428  
O -3.1713518156 -0.7130439724 -0.505755665  
C -4.1854474565 -1.7090416318 -0.3623772923  
H -5.0569853537 -1.2939309975 0.1473642162  
H -3.7992817861 -2.549975186 0.217793752  
H -4.4383933931 -2.02119438 -1.3735951759  
O -3.1846752233 -0.4711794824 1.726887191 
 
Product - trithiocarbonate acrylate monomer fragment 2  
C 2.7049131295 -1.4725684776 1.448725802  
C 3.1586781834 -0.5053265097 0.6519133746  
H 1.793235116 -1.2683347138 2.0090400764  
H 4.0579860391 -0.6119409651 0.0532399408  
C 3.3521584229 -2.8069224583 1.6275215254  
H 3.6198101015 -2.9666817365 2.6770854825  
H 4.254347451 -2.9014563462 1.0196712197  
H 2.660111064 -3.6096122056 1.3528223588  
C 2.4258880704 0.7785482164 0.5595483728  
O 3.0361190512 1.6238096986 -0.2924536884  
C 2.3924037318 2.8869811592 -0.4393959077  
H 2.9966735108 3.4502160991 -1.1484171989  
H 2.3425809949 3.4046930485 0.5211624478  
H 1.3760565665 2.7563276037 -0.817788408  
O 1.412828567 1.0593075873 1.1568326023 
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10.11 Appendix 11 for Paper 11 
 
Capturing Snapshots of Inorganic Chemistry in Metal-organic 
Frameworks 
 
1. Theoretical Procedures 
Density  functional  theory  studies were carried out with  the Gaussian 091  suite of programs. 
Geometries of gas phase minimum and  transition state electronic structures were optimised 
using  the Minnesota meta  hybrid  functional M11‐L2,3 with  Stuttgart‐Dresden  effective  core 
potential SDD4,5  for Rh and  I atoms and Pople’s basis set 6‐31G(d,p)6‐8  for rest of  the atoms. 
Frequency  calculations  were  carried  out  at  that  level  to  ensure  convergence  (all  positive 
eigenvalues for minima and single negative for saddle points). Thermochemical corrections and 
zero point vibrational energies, as well as the infrared spectra, were determined at the gas phase 
M11‐L/6‐31G(d,p)+SDD  level  using  the  unscaled  frequencies.  The  solvation  energies,  for 
acetonitrile solution, were calculated as singlet points on the gas‐phase optimized structures. 
These calculations were performed using the SMD model9. An additional correction term, ΔnRT 
ln(RT/P°) is included to account for passage of molecules from 1 atm to 1 mol/L in solution. 
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Scheme SI 1 
 
 
Figure  SI  20  Computed  structures  of  the  reactant  1∙[Rh(CO)2][RhCl2(CO)2]  (a)  and  product 
1∙[RhI(COMe)(CO)(CH3CN)]I (b) showing only the atoms surrounding the Rh(I) and Rh(III) centre 
respectively.  
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Table S5. A comparison of key calculated bond lengths (Å) with the corresponding 
experimental values, which are shown in square brackets. 
Parameter  1∙[Rh(CO)2][RhCl2(CO)2]  1∙[RhI(COMe)(CO)(CH3CN)]I 
Rh‐CO  1.8742 [1.844(11)]  2.0567a
Rh‐Npyz  Average N1/N2 2.0850 [2.078(5)]  Average N1/N2 2.0621 [2.102(6)] 
Rh‐C(O)Me  ‐  2.0567b
Rh‐I  ‐  3.0057 [2.707(3) and 2.839(3)]c
Rh‐NCCH3  ‐  N3 2.0160a 
CO  1.1363 [1.139(12)]  1.1296a 
a. EXYZ and EADP cards were required for the refinement of the C/N and O/C atoms at this site 
(CO/CH3CN disorder). Thus  the bond  lengths are averaged over  the Rh‐C/NO/C moiety and 
cannot be compared. 
b. The corresponding bond length in the structure was not refined as the group was added in a 
calculated position. 
c. Bond lengths for the two positions of the disorder model for the I centre are given. In MOF 1 
these are quite distinct chemical environments due to the structure of the extended framework. 
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2. Cartesian coordinates  
MeI 
C  0.000251856  0.2763176008 -
0.0261585928H  0.3815865728 -
0.7484242727  0.0049689619H  0.3810990563  0.8
159944336 -0.8975506182H -
1.0926705568  0.2959981455  0.0066689265I  0.72
51557917  1.3039891527  1.7530629626 
Electronic energy, E= -51.36249822 
Thermal correction to enthalpy, Ecorr= 0.039803 
Esolv= -0.002565696 
 
MeCN 
C -2.5530343276  0.4313136392  0.0382215585H -
2.1961466333 -0.6067287154  0.0208697832H -
2.1963385965  0.9348813089 -0.8695744746H -
3.6504733963  0.4204437274  0.0195076184C -
2.0734727626  1.109406313  1.2132509772N -
1.6874062936  1.6532505169  2.1550781274 
E= -132.713251 
Ecorr= 0.04911 
Esolv= -0.010230913 
 
Iodide 
 
E= -11.56953031 
Ecorr= 0.00236 
Esolv= -0.08850855 
I                  0.71042878    1.28160704    1.71464314 
 
I 
 
E= ‐2704.837 
Ecorr= 0.499084 
Esolvation= ‐0.0431388 
 
C  3.0010930775 ‐0.5291540457  2.4977472892 
C  2.203083171  3.0755613001 ‐2.5828676233 
C  0.6001588894 ‐5.1957011981  3.5995555435 
C ‐0.8215167692  1.6328254404 ‐6.7666494856 
C  1.2293676369 ‐4.2219961926  4.3564222434 
C ‐0.4522310675  2.8706085859 ‐6.2685849237 
C ‐0.8327292016  1.8504825523  0.9070930165 
C ‐0.604691849 ‐0.440431567  1.8845341533 
C ‐1.0627736737  1.7671750377 ‐1.5829996962 
C ‐0.0688720448 ‐4.8391507205  2.4410764781 
C ‐0.9840541252  0.5635491313 ‐5.9021425297 
C  1.1878678791 ‐2.8985130572  3.9607507795 
C ‐0.2583250498  3.0408409515 ‐4.9106430803 
C  0.4914407551 ‐1.1398737094  2.3485037804 
C ‐0.2031103862  2.1342022437 ‐2.5987420232 
C ‐0.107940912 ‐3.5171637819  2.0400187468 
C ‐0.7809989223  0.7258315158 ‐4.5439222798 
C  0.5190366487 ‐2.5270768532  2.7964748565 
C ‐0.4225968484  1.9725283861 ‐4.0322311855 
C ‐2.0129969814 ‐0.8440422013  1.7576343644 
C ‐2.418279276  1.2001557153 ‐1.6389361225 
C  1.5812248414 ‐0.2667043389  2.2053771725 
C  0.9511450536  2.6095916498 ‐1.9619724806 
N ‐0.155619141  0.7710438121  1.5282882051 
N ‐0.4306714837  2.0465726192 ‐0.4356417754 
N  1.1673616283  0.8862309872  1.7014146038 
N  0.7945267773  2.5489912479 ‐0.6473910565 
Rh  2.1556711274  2.5542447635  0.9293245628 
H ‐0.6082401106  2.7748679872  1.471197764 
H ‐1.9119822741  1.6626573057  0.9398269403 
H ‐3.1275881663  1.7271302076 ‐0.9817846704 
H ‐2.801491401  1.2752421516 ‐2.6640053822 
H ‐2.4152540681  0.1321211842 ‐1.3670963613 
H  3.0780265369  2.6309996171 ‐2.0883395684 
H  2.2318211574  2.7698765573 ‐3.6364200299 
H  2.295598117  4.1733991915 ‐2.5556056692 
H ‐0.8511759592 ‐0.1283626011 ‐3.8601610455 
H ‐1.2555982893 ‐0.4204071712 ‐6.29330434 
H ‐0.9759907625  1.499013866 ‐7.8407032036 
H ‐0.3199061538  3.7178104016 ‐6.9465834028 
H  0.0150263341  4.0246181515 ‐4.5137432722 
H ‐0.5931113761 ‐3.2388991764  1.0971126642 
H ‐0.5487072871 ‐5.6038670567  1.8247836289 
H  0.6381636512 ‐6.242721494  3.9120696279 
H  1.7578094364 ‐4.4972251824  5.2731697636 
H  1.6712287064 ‐2.1292293875  4.5721263613 
H  3.1903785932 ‐1.6111149894  2.4701418736 
H  3.6487265685 ‐0.0605149688  1.7436727735 
H  3.2941503681 ‐0.1697891685  3.4978889528 
H ‐2.7133511994 ‐0.0567880635  2.0749890501 
H ‐2.2019781596 ‐1.7232621681  2.3860621661 
H ‐2.2512194557 ‐1.1262352302  0.7182481307 
C  2.8872521213  4.1595025327  0.300276478 
C  3.259512609  2.6080850468  2.4430605975 
O  3.2948447406  5.1539503728 ‐0.0687384695 
O  3.9011868425  2.6482372723  3.3797804087 
Rh  2.2385571422 ‐2.108334356 ‐0.911568215 
C  1.5488771652 ‐3.8310967874 ‐0.8892771076 
C  3.9812632511 ‐2.6613405406 ‐0.598635854 
O  5.0572694712 ‐2.9811540714 ‐0.4020704079 
O  1.1027295441 ‐4.8798251278 ‐0.8855039612 
Cl  3.1091774529  0.1109373724 ‐0.9810025704 
Cl  0.0112940999 ‐1.3576509512 ‐1.3092691835 
 
TS-I 
A11-5 
 
 
E= -2756.172 
Ecorr= 0.539413 
Esolvation= -0.0543418 
Imaginary freq.= 363.04i cm-1 
 
C  1.4288949711 -2.7035778321  1.4227954853 
C -1.4406165896  3.0289911218  1.80983266 
C  5.3047618332 -3.8881177917 -2.0683883158 
C -0.3060262777  7.2044531427 -1.337383252 
C  4.373381933 -4.6761996649 -1.4134749182 
C -1.4875974361  6.8329247633 -0.7186043485 
C -1.4597021643 -0.3475410319 -1.6359543522 
C  0.6540366894 -1.6057275035 -1.9703505174 
C -1.1580959157  2.1123663414 -1.7084175627 
C  4.9853548604 -2.5852605067 -2.4108171515 
C  0.5901738667  6.234214808 -1.7515705389 
C  3.1258828675 -4.1665077987 -1.1038312234 
C -1.7769416114  5.4954799926 -0.5216247289 
C  1.4947721175 -2.2810104298 -1.1108142624 
C -1.1641534973  3.0928078936 -0.7387057824 
C  3.7399480182 -2.0720327489 -2.1013810015 
C  0.3091996983  4.8957946987 -1.5494227676 
C  2.7932813422 -2.8584511823 -1.4442399748 
C -0.8836440108  4.5121989865 -0.9377991419 
C  0.7738525765 -1.3649114672 -3.4162821458 
C -0.9467562556  2.2203778135 -3.1597384159 
C  0.9033178474 -2.1726039254  0.1526342447 
C -1.3869924633  2.4239460939  0.4682556596 
N -0.3706461423 -1.1617127447 -1.2325965762 
N -1.3947427661  0.9539976562 -1.081090335 
N -0.2326908287 -1.4852560731  0.0628285912 
N -1.5266071152  1.1197218868  0.245581912 
Rh -1.3656900917 -0.5223736343  1.5347825024 
H -2.4161552088 -0.8298942184 -1.3794829662 
H -1.4299696241 -0.2549419553 -2.7266764449 
H -1.7066158101  1.682785297 -3.7465982435 
H -0.9929313634  3.2761723529 -3.4535635945 
H  0.0488992848  1.8449991767 -3.4474616345 
H -0.8094168261  2.4858840405  2.5262953016 
H -1.0588800859  4.0563760711  1.7594653265 
H -2.4690685282  3.0852054932  2.1997098991 
H  1.3419515633 -1.9703298883  2.2370237363 
H  0.9265265571 -3.6376844626  1.7214040233 
H -0.1623637378 -1.5535369205 -3.9620624728 
H  1.5365969378 -2.0333385067 -3.8342949445 
H  1.0984806691 -0.3315076379 -3.6224599654 
C -2.3893629253  0.3538203836  2.8679922721 
C -1.2433036105 -2.0304163288  2.6745870942 
O -3.0370567991  0.8251013703  3.6663960336 
O -1.2312685212 -2.9359323425  3.3529548619 
Rh  3.1104812859  0.6299868065  0.9207417737 
C  4.6309093471  0.5862579276 -0.1405129757 
C  4.0099038847  0.074929855  2.4494398438 
O  4.5456670411 -0.2660523322  3.3943832644 
O  5.5479360175  0.5701774803 -0.8154276355 
Cl  1.1418047402  0.7114111181  2.3151915923 
Cl  1.9680981083  1.3514214545 -1.0386887152 
H -3.6937856408 -0.4829127582  0.2731356293 
C -3.4054652228 -1.4222023901  0.7386187267 
H -3.9582030281 -1.7277534847  1.6276886415 
H -2.9234034855 -2.208780864  0.160639291 
I -5.5880483089 -2.254374815 -0.7888946224 
 
 
II 
 
E= -2756.176 
Ecorr= 0.541353 
Esolv= -0.0621026 
 
C  1.9006208452 -1.4250751716  2.1224165105 
C  1.0309973211  2.2676481148 -3.1583497665 
C -0.9578045962 -5.7294643314  3.3317453277 
C -2.728287726  1.671510592 -6.8662405806 
C -0.2234201 -4.8346338806  4.0911730246 
C -2.1676310589  2.8323557689 -6.362474361 
C -1.7248220045  1.4415777694  0.7236575711 
C -1.6782510545 -0.8475359754  1.6889979541 
C -2.2346405329  1.5588662972 -1.6994031854 
C -1.6044240122 -5.2934138985  2.1876897997 
C -2.8777847368  0.5649098586 -6.0472237271 
C -0.1355646664 -3.5083441659  3.7108226037 
C -1.7619006141  2.8888832245 -5.0422893097 
C -0.6559303634 -1.6784386436  2.1034833804 
C -1.4683828819  1.815703743 -2.8174924869 
C -1.5127607843 -3.9693215245  1.8015023982 
C -2.4680211221  0.6151631048 -4.7279599542 
C -0.7755939305 -3.0591548008  2.5584338873 
C -1.9086734849  1.7818245757 -4.2108057635 
C -3.1312139622 -1.0691200697  1.6677813335 
C -3.6664800049  1.2484061668 -1.5798224911 
C  0.5235885864 -0.9652943539  1.8678924618 
C -0.1684888274  2.0070426659 -2.3447375957 
N -1.1054214251  0.2806330145  1.2593365226 
N -1.4139265037  1.6305581535 -0.6474132222 
N  0.2308664418  0.227147771  1.3531030592 
N -0.1520422692  1.8908121955 -1.0185903453 
Rh  1.4121153025  1.5965872983  0.3181773429 
H -1.4712332833  2.3361557936  1.3157819249 
H -2.8097831834  1.3237383745  0.8134866332 
H -4.1888268368  1.9113120106 -0.8742370579 
H -4.1460644829  1.3634604155 -2.5594092813 
H -3.820835723  0.2049663589 -1.2593492438 
H  1.871359458  1.6225656405 -2.8661715377 
H  0.8076728774  2.048949053 -4.210524946 
H  1.346702814  3.3219258545 -3.112739512 
H -2.5419876579 -0.2689798824 -4.084164004 
H -3.3090729882 -0.3572150031 -6.4461229548 
A11-6 
 
H -3.0492302412  1.6268794425 -7.9103798025 
H -2.0511179934  3.7087547876 -7.0049352078 
H -1.3360845427  3.8121499552 -4.634824033 
H -1.986346021 -3.6284393292  0.8729409067 
H -2.1744949801 -5.9968900428  1.575586299 
H -1.0244045464 -6.7780092724  3.6330486614 
H  0.2832223871 -5.1729261232  4.9986572828 
H  0.4280156118 -2.7980256133  4.3245854719 
H  1.9111389943 -2.5209093728  2.1951335234 
H  2.5871998318 -1.1519230081  1.3091350289 
H  2.2981427228 -1.0358525584  3.0741592125 
H -3.6994316772 -0.2200153466  2.073808108 
H -3.3762614756 -1.9483589501  2.2759365242 
H -3.4813759177 -1.2700602086  0.6413460766 
C  2.4770354409  2.8811084274 -0.6076871341 
C  2.8256024034  1.3679849729  1.5791688897 
O  3.1059025388  3.6938735496 -1.0736254142 
O  3.6487415347  1.3210267419  2.3496309314 
Rh  0.9472053682 -2.5785774948 -1.2360678908 
C  0.0248642719 -4.1874476196 -1.2538105731 
C  2.5967141646 -3.3991906648 -0.9735747457 
O  3.6107089098 -3.8880492309 -0.801443878 
O -0.5617173299 -5.1615096537 -1.2733458436 
Cl  2.1714179177 -0.4772354086 -1.2726402719 
Cl -1.1577308415 -1.5480419216 -1.5568888619 
H  0.0060819941  3.760902708  0.9124442255 
C  0.7237276431  3.2264365328  1.5457680972 
H  1.5424227191  3.8905556036  1.8616742113 
H  0.2591642712  2.7406673644  2.4128006224 
I -1.9484049874  4.6871956195  2.8282821756 
 
TS-II 
 
 
E= -2756.152 
Ecorr= 0.539284 
Esolv= -0.061752 
Imaginary freq= 396.27i cm-1 
  
C  2.3055975979 -2.998127733  1.3001182709 
C -1.5328749706  2.3350456011  1.8245092783 
C  5.9507141486 -3.2805424038 -2.6099201266 
C -2.1659949278  6.2972544737 -1.698815079 
C  5.2801527651 -4.252287878 -1.887270921 
C -3.0581891717  5.7210680855 -0.8113258612 
C -1.3481530354 -1.301941833 -1.3234531588 
C  0.9569435153 -2.0141489511 -1.9504378157 
C -1.7432165419  1.1315363712 -1.6161771123 
C  5.3265896065 -2.0760024833 -2.8876314359 
C -1.1612042763  5.529726632 -2.2622475128 
C  3.9920216863 -4.0225618266 -1.4397760683 
C -2.9531182392  4.3800620432 -0.4913863957 
C  2.0135118715 -2.5178042815 -1.2153166642 
C -1.8041645959  2.183764642 -0.7268407603 
C  4.040155193 -1.8434282505 -2.4400390958 
C -1.0486997634  4.1905226178 -1.9393965685 
C  3.355419264 -2.8132733968 -1.7079765801 
C -1.9486597604  3.598784274 -1.0552055429 
C  0.8614597399 -1.7099435959 -3.3856509372 
C -1.9639281788  1.0897512616 -3.0677951611 
C  1.5618926814 -2.5437915326  0.1099714472 
C -1.5851332759  1.6251409766  0.5357489851 
N -0.0368922995 -1.7949421242 -1.0836865867 
N -1.5030634336  0.0347493325 -0.8919411657 
N  0.3141689347 -2.0911961226  0.1759570649 
N -1.4033112462  0.3152763432  0.4118242436 
Rh -0.8188934301 -1.139380087  1.7582548956 
H -2.0932126971 -1.9440622922 -0.8261732935 
H -1.5688737592 -1.3474971501 -2.3952791599 
H -2.8218696414  0.4422798282 -3.3156378821 
H -2.1929182544  2.0985692666 -3.4303109421 
H -1.0763341619  0.7347403071 -3.6166352948 
H -0.8850800668  1.8301741832  2.5505624743 
H -1.1361906782  3.3473131346  1.6685502183 
H -2.5348093741  2.4458785022  2.268975415 
H -0.2318543772  3.5852219495 -2.3478916644 
H -0.4463369324  5.983533423 -2.9540995586 
H -2.2535080271  7.3570334445 -1.9520524861 
H -3.8554288031  6.3231984207 -0.3680578299 
H -3.6739141806  3.9173006297  0.1904076041 
H  3.5531006858 -0.8793713126 -2.6302883018 
H  5.8538641605 -1.2991528281 -3.4478485244 
H  6.9702261155 -3.4633810505 -2.9585571623 
H  5.7665240165 -5.2071055872 -1.6711183849 
H  3.4569057234 -4.7992447414 -0.8827884265 
H  3.3749122738 -3.0785719121  1.0641212927 
H  2.212395249 -2.2976517286  2.141698092 
H  1.9707282571 -3.9921019024  1.6389741661 
H -0.0866442337 -2.0386993179 -3.8361198889 
H  1.6741740181 -2.2125551975 -3.9248074214 
H  0.9696771448 -0.625576343 -3.5583283845 
C -2.2434099712 -0.5649060716  2.8552621114 
C -0.2498824901 -2.4313447188  3.0481438537 
O -2.9160789458 -0.0320111627  3.6114639877 
O  0.0726947032 -3.1814903465  3.8275248256 
Rh  3.0365346034  0.5625887654  0.683883733 
C  4.4204284  0.9024699195 -0.5036642228 
C  4.1950933973  0.027627189  2.0424324999 
O  4.8900397847 -0.3171983771  2.8754577795 
O  5.2508996529  1.1275878331 -1.2459103315 
Cl  1.2380413361  0.2471815666  2.3064836507 
Cl  1.583619705  1.2133157957 -1.0501146444 
H -3.6908201614 -1.2346854559  1.1682119208 
C -3.0145526791 -1.8980989124  1.7396208607 
H -3.4902851325 -2.4095132661  2.589168317 
H -2.6113995891 -2.6682182062  1.0691887591 
I -5.0645849278 -1.1655622324 -1.1797359127 
 
III 
 
E= -2756.227 
Ecorr= 0.542515 
Esolv= -0.0431388 
A11-7 
 
 
C  2.2858959242 -3.1361664796  0.9694885595 
C -1.6968251327  2.1359839981  1.7308080891 
C  6.0304757812 -2.9968104607 -2.8948472414 
C -2.3404947758  6.2026292407 -1.5581124661 
C  5.3767587174 -4.0178427672 -2.2274782991 
C -3.2328404066  5.5723478282 -0.7078049454 
C -1.3616491119 -1.3874339762 -1.5720326467 
C  1.0009279438 -1.8847322108 -2.2179463923 
C -1.8553927439  1.0326705131 -1.7297744425 
C  5.3807192754 -1.794145185 -3.1138779218 
C -1.3287315716  5.472907752 -2.1574058577 
C  4.0806725898 -3.8407109117 -1.7803403551 
C -3.1198285235  4.2162820292 -0.4656724209 
C  2.0582521173 -2.4152329269 -1.5053856922 
C -1.9623127288  2.0418556847 -0.8026534461 
C  4.0863764999 -1.6139871462 -2.6640135634 
C -1.2075669293  4.1180196884 -1.9097140373 
C  3.4156942955 -2.6341890687 -1.9904609344 
C -2.1080238306  3.470421455 -1.0648141423 
C  0.9309690357 -1.4419958307 -3.6186799601 
C -1.9342943683  1.0848837255 -3.1983518033 
C  1.5652263157 -2.5999177102 -0.2021367936 
C -1.769024938  1.4264318195  0.44072106 
N -0.0228646002 -1.8012129755 -1.3557374192 
N -1.6528704558 -0.1008773647 -1.0429554652 
N  0.3013076749 -2.2192683603 -0.1283044649 
N -1.5906846241  0.1192873886  0.2823234897 
Rh -0.9438425534 -1.3812674775  1.6158244462 
H -2.0318084303 -2.1330046668 -1.1197405072 
H -1.5575316683 -1.3559622515 -2.6492777084 
H -2.6431719013  0.3532356641 -3.6158629356 
H -2.2718721513  2.0817836703 -3.5071146672 
H -0.9519869367  0.9142296231 -3.6687908192 
H -1.1362163174  1.5837091018  2.4917053803 
H -1.1770598074  3.0926643999  1.5779328502 
H -2.6946729289  2.3789705954  2.1280418279 
H -0.3781470627  3.545873855 -2.3400313709 
H -0.6114118069  5.9694552495 -2.8160110679 
H -2.4310867569  7.2749675676 -1.7501541096 
H -4.0332319379  6.145011496 -0.2314185314 
H -3.8384299381  3.7145859266  0.1907318545 
H  3.5796059716 -0.6530381956 -2.8126194075 
H  5.8928977092 -0.9771327309 -3.6298018094 
H  7.0562635601 -3.1387695884 -3.2443487558 
H  5.8828744037 -4.9718814207 -2.056333392 
H  3.559169693 -4.6586821012 -1.271578153 
H  3.3658779246 -3.1658119269  0.772947753 
H  2.1335142885 -2.5156733392  1.8640903883 
H  1.9643636848 -4.1611036411  1.214092405 
H -0.0125772476 -1.715848823 -4.1146248552 
H  1.746767781 -1.8984344902 -4.1938029738 
H  1.0511693568 -0.347388417 -3.6872498806 
C -1.9760680011 -0.6111416484  3.1837894762 
C -0.3165418958 -2.6847000993  2.8302241915 
O -1.4336129309 -0.5320181745  4.2352588289 
O  0.069472318 -3.4413987486  3.5754162491 
Rh  2.7942943667  0.5228508527  0.6050034896 
C  4.2030361995  1.0240525841 -0.4898587008 
C  3.9291856788 -0.1131014882  1.9395975242 
O  4.6152124838 -0.5165027719  2.7531862659 
O  5.0464253039  1.3559010671 -1.1759470577 
Cl  0.9679385101  0.0627322484  2.1692496658 
Cl  1.3880349864  1.3088982773 -1.1167575223 
H -4.0262005672 -1.0581167498  3.3069077821 
C -3.408325756 -0.208587497  2.9789289795 
H -3.6603757556 -0.0072577528  1.9309945769 
H -3.6346004139  0.6519471145  3.6255988079 
I -2.9884161246 -3.1916875617  1.2108961548 
 
IV 
 
E= -1498.232 
Ecorr= 0.512096 
Esolv= -0.1070102 
 
C  1.6061991435 -2.6652245418  1.803405715 
C  1.3261142325  1.202081764 -3.3058762205 
C -2.2903901531 -5.9562265064  3.5902170795 
C -2.7863018901  1.8258317567 -6.6601676263 
C -1.3301970678 -5.2350778477  4.2789733734 
C -1.7351007274  2.6320525403 -6.2586486332 
C -1.1788425323  1.1051213178  0.8029444853 
C -1.7243440692 -1.1521855503  1.7449640051 
C -1.8847769504  1.3869232459 -1.5751025633 
C -2.7997736586 -5.4666113305  2.400530747 
C -3.3019566266  0.8823664895 -5.7893329189 
C -0.8823184211 -4.0248086391  3.7841984122 
C -1.2044379052  2.5018706234 -4.9894560471 
C -0.9310414161 -2.2408861839  2.0507533932 
C -1.1719488511  1.4130295657 -2.7557510724 
C -2.3480654699 -4.2606910371  1.8997858251 
C -2.7681160636  0.745353664 -4.5225594054 
C -1.3854833514 -3.5245901477  2.5864203202 
C -1.7162018779  1.5577207838 -4.1035495252 
C -3.1701097298 -0.9411757102  1.9215688477 
C -3.3224336692  1.5691548194 -1.3165788829 
C  0.3768850386 -1.8563499899  1.7162443937 
C  0.1755009128  1.2501338306 -2.3879818859 
N -0.8990020319 -0.2037752872  1.2735668956 
N -0.9827562537  1.217157376 -0.5941410461 
N  0.3740259651 -0.6162563945  1.2427406517 
N  0.2712634033  1.1283971211 -1.0694387614 
Rh  1.7621967441  0.6557472982  0.3217911338 
H -0.518551884  1.8251124778  1.3243131308 
H -2.2178659185  1.3608858256  1.0451208557 
H -3.5177281622  2.3446032371 -0.559999427 
H -3.8218765245  1.8854040767 -2.2401417087 
H -3.8159738702  0.6420279828 -0.9830051042 
H  2.1701267472  0.634404823 -2.9000240025 
H  1.0218715934  0.7435112302 -4.2564960331 
H  1.7025749599  2.2110946579 -3.5318262334 
H -3.1533667712 -0.0262146085 -3.8468865469 
H -4.1235318675  0.235208738 -6.105505142 
H -3.2057588549  1.932188975 -7.6634704649 
H -1.3275826922  3.3812917469 -6.9417344377 
H -0.3944090658  3.1636357543 -4.6665676205 
H -2.7298558861 -3.8849795446  0.9439852281 
H -3.5517021365 -6.0363815228  1.8495542654 
H -2.644483175 -6.9114311705  3.9854948042 
H -0.9323915272 -5.6156059071  5.223073546 
H -0.1476380949 -3.440409657  4.3482185289 
H  1.4189184732 -3.5784970042  2.3799696272 
H  1.9512414186 -2.9859979715  0.8087395318 
H  2.4292352018 -2.1284373428  2.299304936 
H -3.3927234279 -0.0666110695  2.5520300147 
H -3.6084455827 -1.8179367666  2.4128149166 
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H -3.6976777875 -0.8076680098  0.9638453135 
C  3.0695309836  0.449493414  1.6742493781 
C  2.4469687621 -0.8888354205 -0.8027771667 
O  3.8217064799  0.3463010757  2.5119313545 
O  1.6219936928 -1.4745687993 -1.3934549475 
I  3.3198132133  2.6325796376 -0.5658096834 
H  4.2435331198 -1.4380832657  0.210609343 
C  3.9167398866 -1.1341905176 -0.7948146125 
H  4.4596755304 -0.2132871687 -1.0495223296 
H  4.1448246226 -1.9359030562 -1.5104290939 
 
V 
 
E= -1257.853 
Ecorr= 0.028641 
Esolv= -0.0743893 
 
Rh -0.1310350641 -0.0009759092 -0.1308583209 
C -1.9789304553  0.0007618366 -0.0472446794 
C -0.047686659  0.0025591303 -1.9789182661 
O  0.0138200688  0.0048018241 -3.1219135958 
O -3.1219423455  0.0017429198  0.0132954592 
Cl -0.1868334465 -0.005639334  2.2368061493 
Cl  2.2369256415 -0.0032504677 -0.1868490064 
 
TS-III 
 
E= -1630.94 
Ecorr= 0.56143 
Esolv= -0.1033768 
Imaginary freq.= 64.91i cm-1 
 
C  3.4539428203 -1.4055284556  1.0584372048 
C -2.9100570679  0.2532590526  1.5968722942 
C  7.7339962471  1.7419035295  0.5563432945 
C -5.9263440188  4.6240393889  0.8043881191 
C  7.3914530467  0.5046871551  0.0381199111 
C -6.0754141083  3.281889512  0.499575981 
C  0.4243634739  1.1030714292 -1.708345282 
C  2.7628960359  1.5548879832 -0.9711451695 
C -1.5291420619  2.4788189424 -0.9606167248 
C  6.7475852272  2.6770749198  0.8176261435 
C -4.6616804277  5.1860580843  0.8413888719 
C  6.0682668109  0.2044054567 -0.2230207407 
C -4.9658808745  2.5054619687  0.2269512459 
C  3.6667791082  0.8169809569 -0.230702366 
C -2.5220141849  2.2308756357 -0.0337025505 
C  5.4224988074  2.3767043241  0.5650041759 
C -3.5492257904  4.4097666045  0.576387913 
C  5.0671276013  1.1369713305  0.037524776 
C -3.6876613464  3.059577038  0.2621456161 
C  2.9389482902  2.7969097919 -1.7403110792 
C -1.3495358789  3.58481007 -1.9151969807 
C  2.9554566138 -0.3065937478  0.2145012216 
C -2.1880115984  0.998043617  0.5532800089 
N  1.6001266547  0.8830055547 -0.9392299357 
N -0.6770148818  1.4422651078 -0.8862638123 
N  1.709663097 -0.2569052754 -0.2432186205 
N -1.0710384431  0.5410380696  0.015731408 
Rh -0.042704354 -1.2230703304  0.2379978668 
H  0.1940844294  0.18419238 -2.2813834037 
H  0.6086098262  1.9233553237 -2.4118636366 
H -1.28969944  3.2338413962 -2.9569103905 
H -2.2067137377  4.2656578753 -1.8533166661 
H -0.4443840037  4.1785313267 -1.7074287562 
H -3.6214003048  0.9098856316  2.1123652278 
H -3.4711957878 -0.5916028817  1.1666325375 
H -2.2280339086 -0.1709532  2.3478655518 
H -2.5472522911  4.8483463983  0.6364096149 
H -4.539241666  6.2428420315  1.0898524868 
H -6.8045527931  5.2385114677  1.0165477272 
H -7.0720684833  2.8358075347  0.4628028194 
H -5.0861504942  1.4516507221 -0.0451813823 
H  4.6398295141  3.1036357487  0.8065935323 
H  7.012336189  3.6507819338  1.2360925556 
H  8.7808542478  1.9790842581  0.7606019203 
H  8.1674333146 -0.2343713167 -0.1748110125 
H  5.803121383 -0.7641993816 -0.6598051991 
H  4.3758560627 -1.099021903  1.5679903816 
H  2.7344600795 -1.7089674274  1.8318293705 
H  3.6939152463 -2.3024765282  0.4655927665 
H  2.7440799866  2.6559868218 -2.8149319126 
H  3.9745768652  3.1430517721 -1.644792882 
H  2.2831604269  3.6062580995 -1.3829059007 
C  0.7754522112 -2.9442202237  0.2746154692 
C  0.4354108861 -0.6103017316  2.1480800299 
O  1.2511861677 -3.9688278189  0.2874331557 
O  0.606680491  0.5415026208  2.3078214481 
I -1.7395666692 -2.2317187065 -1.7568416366 
H -0.5190997229 -1.6633300032  3.7032570964 
C  0.4763626404 -1.6381620205  3.2372716362 
H  1.2102388416 -1.3090684238  3.9871263129 
H  0.6861801732 -2.6545347088  2.8896749921 
N -1.7942853124 -2.8898195499  1.8064175215 
C -2.5273072298 -3.7344040036  1.5203587525 
C -3.436970798 -4.7588178331  1.0987591489 
H -4.4209392236 -4.6168208075  1.5633234917 
H -3.0568527698 -5.7510356623  1.3712648018 
H -3.5468381442 -4.7057279245  0.0051216393 
 
VI 
 
E= -1630.963797 
Ecorr= 0.563882 
Esolv= -0.106261255 
 
C  1.1385324114 -3.0212553739  1.6031650831 
C  1.0089150762  1.1814872342 -3.3808856047 
C -2.4251016285 -5.951127304  4.206631806 
C -3.0196619375  1.8843105765 -6.8372135329 
C -1.3293197129 -5.1988552461  4.5913860275 
C -2.0767098805  2.7535409531 -6.3166102626 
C -1.6333514874  0.8003603376  0.6236276401 
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C -2.123020276 -1.3871498135  1.7119922226 
C -2.2627617472  1.1262844089 -1.7629036563 
C -3.1675604142 -5.5720448217  3.1021926144 
C -3.4602490507  0.812280976 -6.0808704375 
C -0.9815931584 -4.0692075564  3.8774403004 
C -1.5794726512  2.5574780611 -5.0418505667 
C -1.334629575 -2.4741124451  2.0301011843 
C -1.5143092653  1.2718403596 -2.9153976475 
C -2.8162982831 -4.4461604492  2.3807675539 
C -2.961677558  0.6122287211 -4.8077904104 
C -1.7199572153 -3.6777515465  2.7632890778 
C -2.0196370295  1.4857719787 -4.2696839627 
C -3.5397590381 -1.1128370166  2.0036583928 
C -3.7154995437  1.2149706557 -1.5439683768 
C -0.056072917 -2.161756543  1.5467355196 
C -0.1793217019  1.1393422209 -2.5107284788 
N -1.3274064234 -0.5077625584  1.0844184882 
N -1.3891649425  0.928342555 -0.7663086341 
N -0.0699183634 -0.9569950518  0.9870782207 
N -0.120664423  0.9420635362 -1.1974976703 
Rh  1.3549973822  0.1682379298  0.0467483689 
H -1.0245284677  1.5402202694  1.1735609432 
H -2.6940460955  0.9956590515  0.816971483 
H -3.985464551  2.0183467324 -0.8414756991 
H -4.2154456335  1.4340419768 -2.4946365319 
H -4.1401025023  0.2737283263 -1.1588684881 
H  1.7734297848  0.4486491788 -3.0906126761 
H  0.7174536873  0.9738556419 -4.4185294751 
H  1.4889616183  2.1724158825 -3.3688170326 
H -3.2876667409 -0.252746469 -4.2199413412 
H -4.1959529747  0.1162345445 -6.4915983558 
H -3.4123240327  2.0428625978 -7.8443401935 
H -1.7291811163  3.6031561773 -6.9094206879 
H -0.8532219564  3.2621151423 -4.6218579443 
H -3.3864169215 -4.1675480867  1.4877018019 
H -4.0282051746 -6.1688006941  2.7896470616 
H -2.7033861174 -6.8432722346  4.7729634208 
H -0.7436283757 -5.4895909497  5.4670577739 
H -0.1354362964 -3.455924019  4.2055128706 
H  0.8330884445 -4.0685471492  1.7216360833 
H  1.7425975891 -2.9596322346  0.687333775 
H  1.7902003569 -2.7819849505  2.4577394242 
H -3.6779422147 -0.1787900512  2.5684768811 
H -3.946520393 -1.924942601  2.6174221896 
H -4.1568281313 -1.0516278975  1.0924682426 
C  2.7189602162 -0.4278396452  1.24932322 
C  1.5423903702 -1.3485494903 -1.3295150364 
O  3.5657918557 -0.7840551109  1.9066488406 
O  0.5649193699 -1.8507617831 -1.7583724184 
I  1.4129645329  2.3023706005  2.1624542243 
H  3.5459438471 -0.8357075764 -1.9357068336 
C  2.9412001218 -1.7265874705 -1.7148460594 
H  2.9265185846 -2.40703221 -2.5777492162 
H  3.4310754981 -2.2339172261 -0.8684103888 
N  2.732344573  1.3705244892 -0.8028665774 
C  3.4583484416  2.2451744483 -0.9628274244 
C  4.3398933933  3.3606736486 -1.1023130398 
H  4.0499309351  3.976465426 -1.9630655224 
H  5.3745785075  3.0211321666 -1.2353104787 
H  4.2754917114  3.9685138112 -0.1876051634 
 
TS-IV 
 
E= -1309.21145 
Ecorr= 0.068241 
Esolv= -0.070182148 
Imaginary freq.= 339.40i cm-1 
 
Rh -0.1131898559  0.3047981082  1.6747580785 
C  1.7206479527 -0.0526160196  1.8599526934 
C  0.0242152076  2.1728932464  1.5474040471 
O  0.0869307624  3.3062168812  1.475440586 
O  2.8268060131 -0.2881591926  1.9802244447 
Cl -2.4286995863  0.6756959337  1.5817385873 
Cl -0.3821412023 -2.0092134423  1.9589102173 
C  0.03314573  0.0853315995 -0.6829189543 
H  0.1652403356 -0.9960167161 -0.6569455743 
H -0.9639068194  0.4856229264 -0.8649109517 
H  0.8993078969  0.7262791795 -0.8195263682 
I  0.3404246456 -0.0725899041 -3.4751682458 
 
 
VII 
 
E= -1309.23188 
Ecorr= 0.069776 
Esolv= -0.073751813 
 
Rh  0.7290190953  0.017316808 -0.0985135458 
C  0.623615671  1.9046024528 -0.2292864089 
C  0.9721292912 -0.129388392  1.7759609991 
O  1.1582272557 -0.2380837522  2.8887246925 
O  0.5956477729  3.0326988015 -0.3362787424 
Cl  0.8327623328 -2.3425954026 -0.0437354886 
Cl  0.4327433707  0.0826247086 -2.4405005526 
H  2.9347943633  0.4191440353 -1.4488871368 
C  2.7900345544  0.0596135199 -0.4222238763 
H  3.2929083795  0.7193488622  0.3029045765 
H  3.1328122309 -0.9772804942 -0.3160858325 
I -2.1528067977  0.2487976928  0.6081224759 
 
VIII 
 
E= -1297.60608 
Ecorr= 0.067377 
A11-10 
 
Esolv= -0.02578445 
Rh -0.1165732584  0.0720510109  0.0988540334 
C -0.1556001358  1.9857387338 -0.0370905488 
C  0.1944712146 -0.0858551906  1.9860277201 
O  0.3896639271 -0.2110674747  3.0903500029 
O -0.1747143657  3.1079072012 -0.1545468456 
Cl -0.1966669174 -2.2304454287  0.1440348944 
Cl -0.5861874728  0.1268472499 -2.156235542 
H  2.0346230289  0.4107853705 -1.2739874774 
C  1.9282109569  0.1034189772 -0.2276944558 
H  2.3981743617  0.8065021557  0.4714259046 
H  2.2434003507 -0.933123935 -0.0638532259 
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